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Letter  of  Transmittal 


NATIONAL  SCIENCE  BOARD 
4201  Wilson  Boulevard 
ARLINGTON.  VIRGINIA  22230 


December  8, 1993 


My  Dear  Mr.  President: 


It  is  my  honor  to  transmit  to  you.  and  through  you  to  the  Congress,  the  eleventh  in  the 
series  of  biennial  Science  Indicators  reports—Science  and  Engineering  Indicators— 1993, 
The  National  Science  Board  is  submitting  this  report  in  accordance  with  Sec.  4  (j)  (1)  of 
the  National  Science  Foundation  Act  of  1950.  as  amended. 

The  Science  and  Engineering  Indicators  report  provides  policymakers  in  both  the  pub- 
lic and  private  sectors  with  a  broad  base  of  quantitative  information  about  U.S.  science 
and  engineering  research  and  education  and  U.S.  technology  in  a  global  context.  The 
data  and  analysis  in  this  report  are  especially  relevant  to  our  Nation  during  these  first 
years  of  the  Post-Cold  War  era. 

Science  and  technology,  including  basic  research,  are  key  factors  in  meeting  our 
strategic  goals  of  improved  international  competitiveness  and  enhanced  health  and  eco- 
nomic and  social  well-being.  The  Science  and  Engineering  Indicators  report  series  con- 
tributes to  a  better  understanding  of  the  science  and  technology  enterprise  and  will  be 
helpful  as  together  we  define  and  assess  priorities  and  accomplishments. 

Mr.  President,  the  National  Science  Board  is  proud  to  note  that  the  Science  and 
Engineering  Indicators  report  is  internationally  renowned  and  has  become  a  model  for 
other  countries.  I  join  my  colleagues  on  the  National  Science  Board  in  expressing  the 
hope  that  you,  your  Administration  and  the  Congress  will  find  this  report  useful  as 
you  set  priorities,  make  decisions  on  investments  and  seek  solutions  to  our  national 
problems. 


Respectfully  yours. 


James  J.  Duderstadt 
Chairman 


The  Honorable 

The  President  of  the  United  States 
The  White  House 
Washington.  DC  20500 
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Introduction 


An  Historical  Perspective 

II  has  been  more  than  20  years  since  tl  e  National 
Science  Board  (NSB)  issued  the  first  edition  of  what  has 
since  become  the  biennial  Science  &  Engineering 
Indicators  report.  Consistent  with  its  congressional  man- 
date to  be  concerned  with  the  state  of  science  and  engi- 
neering in  the  United  States,  the  Board  made  an  early, 
explicit  decision  to  work  with  other  federal  agencies  to 
develop  output  indicators  and  input  indicators  to  help 
describe  major  scientific  advances  and  technological 
achievements,  as  well  as  gauge  the  contribution  of  sci- 
ence and  technology  both  to  specific  nadonal  goals  and 
the  broad  national  welfare. 

hi  preparing  the  1993  report,  the  NSB  Subcommittee 
on  Science  and  Engineering  hidicators  reviewed  the  his- 
tory and  original  goals  of  the  NSB  in  developing  an 
Indicators  effort.  On  May  19,  197(5.  Roger  Heyns, 
Chairman  of  the  NSB  s  Science  Indicators  Committee, 
was  invited  to  testify  at  hearings  before  the  House  of 
Representatives'  Subcommittee  on  Domestic  and 
International  Scientific  Planning.  At  this  hearing.  Heyns 
outlined  some  of  the  main  purposes  and  functions  of  the 
reports: 

♦  to  detect  and  monitor  significant  developments  and 
trends  in  the  scientific  enten^rise,  including  interna- 
tional comparisons: 

♦  to  evaluate  their  implications  for  the  present  and 
future  health  of  science: 

♦  to  provide  the  continuing  and  comprehensive 
appraisal  of  ILS.  science: 

♦  tu  establish  a  new  mechanism  for  guiding  the 
Nation's  science  policy: 

♦  to  encourage  quantification  of  the  common  dimen- 
sions of  science  policy,  leading  to  improvements  in 
research  and  development  policy-setting  within  fed- 
eral agencies  and  other  organizations;  and 

♦  to  stimulate  social  scientists'  interest  in  the  method- 
ology of  science  indicators  as  well  as  their  interest 
in  this  nnportant  area  of  public  policy. 

Over  the  years,  the  Science  &.  Engineering  Indicators 
reports  have  evolved,  expanding  their  coverage,  and 
refining  and  improving  the  methodologies,  presentations, 
and  analyses  of  the  indicators.  The  NSB  Subcommittee 
reviewed  the  original  objectives  established  20  years  ago: 
it  noted  that  they  have  been  met  and  are  still  valid. 
Indeed,  the  first  objective  (international  comparisons)  is 
perhaps  even  more  importimt  today  than  it  was  in  1972. 
In  recognifion  of  this,  one  of  the  major  enhancements,  of 
the  Science  &  Engineering  Indicators— 1993  report  is  an 
,9^"?xpanded  coverage  of  international  comparisons. 


Audiences 

In  developing  the  Science  &  Engineering  Indicators 
reports,  the  Board  is  aware  of  their  value  and  use  as  ref- 
erence* documents  as  well  as  policy  documents.  The 
reports  now  sei-ve  the  needs  of  a  vei-y  wide  audience 
including  decisionmakers  from  government  (in  particu- 
lar the  congressional  and  executi.ve  branches),  the 
industrial  and  academic  sectors,  nonprofit  organizations, 
and  professional  societies.  One  of  the  continuing  objec- 
tives of  the  Board  is  to  be  relevant  to  this  broad  audience 
in  the  United  States,  as  well  as  abroad,  who  have  come 
to  rely  on  comprehensive  and  objective  indicators  to 
assist  them  in  their  responsibilities. 

llic  NSB  Subcommittee,  before  preparing  this  report, 
contacted  a  variety  of  users  to  determine  policymakers' 
nc^eds  and  views  about  Science  &  Engineering  Indicators. 
Their  response  was  oversvhelmingly  positive.  Several 
important  topics  were  suggested,  and  many  of  these 
ideas  were  incorporated  in  Science  &  Engineering 
Indicators— 1993. 

Coverage  of  Indicators 

The  coverage  of  several  important  topics  or  themes 
have  remained  constant  over  the  years,  regardless  of 
chapter  corifiguration.  As  stated  earlier,  international 
comparisons  were  an  initial  goal  of  the  rc^port  and  have 
been  greatly  enhanced  in  tlie  1993  report.  Hie  National 
Science  Board  and  the  National  Science  Foundation,  in 
cooperation  with  the  Organisation  for  I^conomic  Co- 
operation and  Development  (OICCD),  have  taken  a  lead- 
ership role  in  developing  science  indicators-type  reports 
and  quantitative  information  on  science  and  technology 
as  a  basis  for  policymaking  and  as  a  tool  for  research  and 
assessment  on  a  worldwide  basis. 

The  success  of  providing  valid  and  comparable  data 
depends  on  the  active  participation  and  cooperation  of 
nations  who  now  are  engaged  in  developing  their  own 
national  science  and  engineering  indicators.  Among  the 
OECD  member  countries.  Australia,  Canada,  France, 
Germany,  Italy,  Japan,  the  Netherlands,  and  the  United 
Kingdom^  to  name  a  few.  are  engaged  in  national  indica- 
tors activities.  The  Commiission  of  the  European  Com- 
munities is  establishing  its  own  science  and  engineering 
indicators  program.  Over  the  past  year.  National 
Science  Foundation  staff  have  worked  with  a  number  of 
other  countries  such  as  Brazil.  India,  Indonesia,  and 
Mexico  as  they  also  have  begun  of*  expanded  their  own 
science  and  engineering  indicators  efforts.  Additionally, 
the  Nadon?'  Science  Foundation  is  working  in  partner- 
ship with  the  OECD  to  assist  "economies  in  transition,** 
such  as  Russia  and  Central  European  countries,  to 
establish  comparable  science  and  technology  indicator 
systems.  The  National  Science  Foundation  continues 
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its  cuoperalion  in  science  indicators  activities  with  the 
Pacific  Economic  Cooperation  Council  (PECC)  and 
Asian  count ries. 

The  quantification  of  the  outputs  and  impacts  of  sci- 
ence and  technology  was  an  original  goal.  Science 
hxdicaUm  1972  contained  some  measures  of  scientific 
publications  and  citations  by  fields  and  countries.  Tlie 
National  Science  Foundation  took  an  early  lead  in  devel- 
<)piiig  the  field  of  bibiliometrics;  these  indicators  have 
been  greatly  refined  and  expanded  and  improved  over 
the  years.  Once  thought  new  and  experimental  they  are 
now  accepted  the  world  over  as  important  output  indica- 
tors. A  variety  of  patent  indicators  have  been  used  and 
improved  as  another  measure  of  inventiveness  and  out- 
put from  R&D.  particularly  with  regard  to  the  industrial 
sector.  These  indicators  are  now  being  considered  as 
important  metrics  in  broad  performance  assessments. 

Assessments  of  what  was  called  "Public  Opinion  of 
Science"  in  the  1972  report  have  been  a  another  continu- 
inK  feature  of  the  Science  &  Engineering  Indicator  series. 
Evaluating,  quantitatively,  the  complex,  but  all-important 
public  attitudes  toward  and  understanding  of  science 
and  technology  in  a  manner  that  accurately  portrays 
those  attitudes  and  changes  over  time  has  led  to  the 
development  and  evaluation  of  ever  more  comprehen- 
sive and  refined  public  attitude  survey  instruments.  The 
National  Science  Foundation  has  worked  with  the 
Commission  of  the  European  Communities.  Japan,  and  a 
number  of  other  countries  to  increase  the  comparability 
and  coverage  of  survey  questions^  including  questions  on 
environmental  topics  and  issues.  The  National  Institutes 
of  Health  joined  the  National  Science  Foundation  in  this 
endeavor,  supporting  the  development  of  a  whole  set  of 
new  indicators  related  to  the  measurement  of  public 
understanding  of  biomedical  and  behavioral  science  con- 
cepts and  scientific  reasoning.  This  report  encompasses 
expanded  coverage  of  public  attitudes  and  understand- 
i  in  terms  of  international  comparisons  and  increased 
subject  matter. 

Among  the  more  visible  and  significant  trends  to 
which  Science  &  Engineering  Indicators  must  respond  is 
the  globalization  of  science  and  technology.  The  impor- 
tance of  international  comparisons  and  international  col- 
laboration in  developing  indicators  data  has  already 
been  stressed.  This  report  includes  data  on  trends  in 


international  collaboration.  In  view  of  the  importance  of 
regional  cooperation,  the  report  also  presents  regional 
data  for  Europe.  Asia,  and  North  America,  for  example. 

In  the  field  of  education  indicators.^  this  report 
includes  information  on  global  human  resource  develop- 
ment in  science  and  engineering.  Special  attention  also 
has  been  paid  to  education  and  employment  in  science 
and  engineering  of  women  and  minorities. 

An  effort  was  made  in  the  Science  &  Engineering 
Indicators — 1993  report  to  provide  information  on  a 
number  of  topics  or  developments  thought  to  be  of  inter- 
est to  policymakers  such  as  the  changes  in  defense  R&D 
and  the  effects  of  defense  conversion  on  R&D  expendi- 
tures and  science  and  engineering  employment  patterns. 
Additionally,  new  information  is  provided  on  internation- 
al and  domestic  cooperation  and  partnerships  in  science 
and  engineering*  Some  information  is  also  presented  on 
the  immigration  of  scientists  and  engineers  from  Russia. 
A  discussion  is  included  on  the  future  national  competi- 
tiveness in  high-technology  industries  for  eight  Asian 
countries. 

Universities  have  increased  their  role  in  the  perfor- 
mance of  the  Nation's  R&D.  However,  concern  is  cur- 
.ently  being  expressed  about  changes  and  pressures  on 
U.S.  research  universities.  Because  of  its  importance,  a 
separate  chapter  is  devoted  to  academic  research. 

U.S.  science  and  engineering,  and  the  technologies 
that  emerge  from  related  research  and  development  and 
innovation  in  the  private  and  public  sectors,  are  widely 
recognized  for  their  contributions  to  the  Nation's  eco- 
nomic growth.  Therefore,  a  chapter  on  technology  devel- 
opment and  competitiveness  is  included. 

From  the  outset,  the  vision  of  the  National  Science 
Board  has  been  to  provide  a  continuing  and  comprehen- 
sive appraisal  of  U.S.  science  and  engineering.  The 
Science  &  Engineering  Indicators — 1993  report  continues 
this  excellent  tradition. 


'  This  report  contains  chapters  on  precollcge  science  and  mathemat- 
ics education  and  higher  education  in  science  and  engineering.  P'or 
further  information  cn  these  topics,  see  Division  of  Research, 
Evaluation  and  Dissemination.  1993.  Indicators  of  Science  and 
Mathematics  Education  1992.  NSF  93-95.  Washington  DC:  National 
Science  Foundation. 
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Science  and  Technology:  Changes  and  Challenges 


"TT^/s  country  must  sustain 
world  leadership  in  science, 
mathematics,  and  engineering 
if  we  are  to  meet  the 
challenges  of  today . . .  and 
of  tomorrow." 
President  Wiixiam  J.  Clinton 

November  23. 1993 


The  U.S.  science  and  technolo^  (SK:  T)  enterprise  is  key  to  our  future. 
It  is  vital  to  our  Nation's  economic  growth  and  productivity  and 
makes  invaluable  contributions  to  our  personal  health  and  well-being. 
Against  the  backdrop  of  new  political  realities — the  end  of  the  Cold  War, 
the  collapse  of  the  fomner  Soviet  Union,  and  the  resultant  and  concomitant 
changes  in  defense  requirements — national  investment  in  research  and 
development  (R&D)  and  education  and  training  is  particularly  significant. 

Further,  the  increased  globalization  of  national  economies  under- 
scores the  need  to  analyze  and  understand  current  trends  in  both  coop- 
eration and  competition  in  science  and  technology.  Many  nations  have 
increased  their  scientific  and  technological  capabilities,  resulting  in 
growing  economic  competition  from  abroad  in  technological  products 
and  services.  Growing  S&T  investments  in  newly  industrialized  econ- 
omies and  the  development  of  new  regional  blocks  such  as  Europe. 
North  America,  and  the  Pacific  Rim  call  for  increased  attention  by 
policymakers  to  enhanced  opportunities  for — and  challenges  to — scien- 
tific and  economic  interaction. 

This  report  describes  U.S.  science,  engineering,  and  technology 
trends  in  a  global  context,  and  provides  insights  on  how  investments 
and  priorities  are  changing  over  time.  S&T  human  resources,  in  all  their 
diversity,  are  essential  to  our  economy  and  national  security.  Therefore, 
information  on  the  science  and  engineering  (S&E)  pipeline — precoUege 
education,  higher  education,  and  the  Si&F^  workforce — is  presented.  In  a 
democracy  such  as  our  own.  public  attitudes  and  public  understanding 
are  of  major  importance  and  have  an  impact  on  decisions  in  both  the  pri- 
vate and  public  sectors.  Tlierefore.  the  report  presents  information  on 
science  and  technology  in  a  societal  context. 

This  overview  section  highlights  some  of  the  cross-cutting  themes 
and  findings  detailed  in  the  remainder  of  this  report. 


U.S.  scientific  and  technical  capabilities  should  be  viewed  in  a 
global  context. 

♦  The  United  States  still  leads  all  other  co^  ntries  in  the  amount  of 
total  R&l)  investments,  but  other  countries  have  increased  their 
R&D  capabilities  and  are  either  closing  the  gap  with  or  leading  the 
United  States  for  some  indicators. 

♦  Total  U.S.  expenditures  on  R&D  reached  an  estimated  $161  billion 
in  1993.  or  2.6  percent  of  the  gross  domestic  product  (GDP).  In 
1991.  the  Rv^'D/GDP  ratio  in  Gemany  was  also  2.6  percent  (2.8  for 
the  fonner  West  Germany  alone),  and  the  ratio  for  Japan  was  3.0 
percent. 
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♦  Continued  slow  growth  is  expected  for  the  Nation's  R&D  invest- 
ment: since  the  late  1980s,  there  has  been  a  worldwide  slowing  in 
R&D  funding  growth. 

♦  The  United  States  spent  11  percent  more  on  R&D  than  Japan,  the 
former  West  Germany,  and  France  combined  in  1991,  but  these 
three  countries  spent  17  percent  more  on  nondefense  R&D  than  did 
the  United  States.  Only  in  Japan,  however,  has  nondefense  R&D 
grown  faster  than  in  the  United  States  since  the  early  1980s. 

♦  Tlie  nondefense  r&d/GDP  ratio  in  the  United  States  is  less  than  or 
equal  to  many  other  industrialized  countries.  In  1991,  the  U.S.  ratio 
was  only  1.9  percent,  which  is  equal  to  that  of  France,  but  less  than 
the  3.0  percent  ratio  in  Japan  or  the  2.7  percent  in  the  former  West 
(rermany. 

♦  Tlie  United  States  continues  to  lead  the  industrialized  world  in  the 
performance  of  industrial  R&D,  but  over  the  past  two  decades,  the 
U.S.  share  of  industrial  R&D  performed  by  the  Organisation  for 
Economic  Co-operation  and  Development  countries  has  fallen. 
Despite  this  decline,  the  United  States  remains  the  leading  per- 
former of  industrial  R&D  by  a  wide  margin,  even  surpassing  the 
combined  R&D  of  the  12-nation  European  Community. 

♦  Twice  as  many  scientists  and  engineers  are  engaged  in  R&D  in  the 
United  States  as  in  Japan;  however  the  United  States  and  Japan 
now  have  similar  proportions  of  such  researchers  in  their  respec- 
tive workforces. 

♦  The  United  States  has  high  participation  rates  in  university  educa- 
tion. However,  Canada  and  some  Central  European  and  Asian 
countries  have  higher  participation  rates  in  natural  science  and 
engineering  (ns&E)  degrees  by  their  collegeage  populations  than 
does  the  United  States. 

♦  In  1990,  six  Asian  countries  produced  more  than  onehalf  million 
NS&E  bachelors  degrees,  slightly  more  than  the  number  of  NS&E 
degrees  produced  in  Europe  and  North  America  combined. 

♦  The  U.S.  share  of  the  worid*s  influential  scientific  publications  far 
exceeds  that  of  any  other  country.  Scientists  and  engineers  in  the 
United  States,  the  European  Community,  and  Japan  produce  about 
two-thirds  of  the  worid  s  premier  scientific  literature. 


❖ 


''It  is  essential  to  recognize  that 
technical  advances  depend  on  basic 
research  in  science,  mathematics, 
and  engineering.  Scientific  advances 
are  the  wellspring  of  the  technical 
in?tovations  whose  benefits  are  seen 
in  economic  growth,  improved  health 

care  and  many  other  areas. 
The  Federal  Government  has  invested 
heavily  in  basic  research  since  the 
Second  World  War  and  this  support 
has  paid  enormous  dividends. 
Our  research  universities  are  the 
best  in  the  world;  our  national 
laboratories  and  the  research  facilities 
they  house  attract  scientists  and 
engineers  from  around  the  globe. " 

President  William  J.  Clinton  and 
Vice  President  Albert  Gore.  Jr. 

Technology  for  America  s 

Economic  Growth, 
New  Directions  to  Build 

Economic  Strength 

February  22, 1993 
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The  s&T  enterprise  is  increasingly  global  in  nature,  and  interna- 
tional interaction  is  increasing. 

♦  The  internationalization  of  industrial  R&D  is  intensifying.  From 
1980  to  1991,  U.S.  firms  generally  increased  their  funding  of  R&D 
performed  abroad.  Since  1985,  U.S.  firms  overseas  R&D  financing 
has  increased  nine  times  faster  than  that  performed  domestically. 
Offshore  R&D  funded  by  U.S.  industrial  firms  now  equals  11.3  per- 
cent of  their  own  domestic  R&D  expenditures.  Foreign  R&D  com- 
prised more  than  10  percent  of  industry's  total  in  the  United  States. 
Canada,  the  United  Kingdom,  and  France  in  1990.  The  number  of 
multi-firm  international  R&D  alliances  grew  from  about  250  in  the 
1970s  to  almost  1,500  in  the  1980s. 

♦  International  coauthorship  of  scientific  articles  represents  another 
indication  of  enhanced  collaboration.  In  1991,  11  percent  of  the 
world's  articles  were  internationally  coauthored — this  is  twice  the 
percentage  from  a  decade  earlier.  This  increase  in  international 
cooperation  is  evident  in  several  fields,  but  especially  m  physics, 
mathematics,  and  earth  and  space  sciences.  Although  U.S.  re- 
sea^'crers  still  collaborate  most  frequently  with  colleagues  in  the 
Unil-^.d  Kin.^dom  and  Germany,  there  has  been  increased  coopera- 
tion witii  France,  Japan,  and  Italy. 

♦  The  excellence  of  the  U.S.  higher  education  system  attracts  grow- 
ing numbers  of  foreign  students.  These  students  continued  to 
increase  as  a  proportion  of  U.S.  doctoral  degrees  in  1991,  particular- 
ly in  engineering  and  mathematics;  foreign  students  received  over 
25  percent  of  all  natural  science  degrees,  over  40  percent  of 
math/computer  sciences  degrees,  and  over  45  percent  of  engi- 
neering degrees  awarded  that  year. 

♦  Among  foreign  citizens,  students  from  Asian  countries  receive 
three  times  more  S&E  doctorates  from  American  universities  as  do 
students  from  all  European  countries  and  the  Americas  combined. 
More  than  three  times  as  many  Asian  S&E  doctoral  recipients  plan 
to  stay  and  work  in  the  United  States  as  foreign  S&E  doctorates 
from  the  Americas  and  Europe. 

The  U.S.  is  undergoing  a  change  in  the  structure  of  its  r&d  investments. 

♦  The  Federal  Government  provides  a  decreasing  faction  of  national 
R&D  support — an  estimated  42  percent  in  1993,  down  from  46  percent 
in  the  mid-1980s.  Industry  provides  more  than  half  of  all  funds  (52 
percent);  and  the  combined  share  of  state  government,  university, 
and  nonprofit  support  has  doubled  from  3  to  6  percent  since  1985. 
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♦  Universities  conduct  an  increasing  share  of  the  \m)  performed  in 
the  United  Stales,  growing  from  9  percent  in  1985  to  13  percent  in 
1993.  Industrial  fimis  are  still  responsible  for  performing  most  of 
the  Nation  s  R&n— (^8  percent— but  their  share  of  the  total  national 
effort  fell  over  this  same  period. 

♦  Individual  investigators  receive  a  slightly  smaller  share  of  federal 
civilian  academic  research  support  than  in  the  past,  but  still  receive 
more  than  half  of  all  such  funds. 

♦  R&D  performance  is  highly  concentrated  in  just  a  few  States.  California 
accounted  for  20  percent  of  all  R&D  conducted  in  the  United  States,  and 
10  States  represent  over  two-tliirds  of  the  national  R&I)  total.  Tliis  concen- 
tration of  R&L)  funds  has  remained  fairly  constant  over  time,  but  many 
other  States  now  are  developing  strategies  to  enhance  tlieir  SS:  r  base. 

U.S.  science  and  engineering  investments  and  activities  reflect 
changing  national  priorities. 

♦  Health  R&I)  accounts  tor  a  rapidly  growing  share  (15  percent  in 
1994)  of  the  government's  total  R&D  investment.  Much  of  the 
growth  in  health-related  R&D  is  for  AIDS  research.  National  defense 
R&D  spending  still  commands  the  lion's  share  (59  percent  of  the 
federal  total),  but  is  decreasing.  Space  research  has  increased,  pri- 
marily for  Space  Station  Freedom. 

♦  Health  research  was  scheduled  to  receive  the  single  largest  share— 
40  percent— of  federal  basic  research  budgets  in  1994.  (General  sci- 
ence, which  included  funding  for  the  National  Science  Foundation 
and  for  the  research  portion  of  the  now-canceled  Superconducting 
Super  Collider,  accounted  for  20  percent  of  estimated  federal  basic 
research  authorizations.  General  science,  however,  still  comprises 
only  4  percent  of  total  federal  R&D. 

♦  Reflecting  the  overall  strategy  to  use  science  and  technology  to 
achieve  national  goals,  combined  funding  for  six  interagency 
cross-cutting  initiatives  equaled  $12.5  billion,  or  about  one-sixth  of 
the  estimated  1994  federal  R&D  support.  Funding  for  biotechnolo- 
gy was  S4.3  billion:  advanced  materials  and  processing.  $2.1  bil- 
lion; global  change  research,  $1.5  billion;  advanced  manufacturing 
technology,  $1.4  billion;  and  high-performance  computing  and 
communications.  $1.0  billion.  The  science,  mathematics,  engineer- 
ing, and  technology  education  initiative  was  funded  at  $2.3  billion, 
although  it  is  not  directly  included  in  an  R&D  budget.  There  is 
some  overlap  in  these  activities  and  budget  estimates,  and  new  fed- 
eral strategic  initiatives  are  being  developed. 
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'^Results  of  academic  research 

are  much  more  useful  to 
industry  today  than  they  were 
10  or  20 years  ago.  Universities 

are  more  receptive  to  and 
interested  in  collaborating  with 
industry  at  this  time.  However, 
academic  research  should  focus  its 
efforts  on  the  long-term,  fundamental 
needs  of  the  United  States  in  science 
and  engineering,  with  input  on  those 
needs  from  private  industry, 
government  and  other  sectors. " 

Chai^les  F.  Larsen 

Executive  Director 
Industrial  Research  Institute 
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Overview.  Science  and  Technology:  Changes  and  Challenges 


The  importance  of  supporting  basic  researcfi  in  areas  of  strategic 
and  national  importance  and  tlie  enhancement  of  interagency 
coordination  are  receiving  increased  national  attention. 

♦  Research  can  be  directly  influenced  by  the  quest  for  fundamental 
knowledge  and  can  contribute  to  strategic  projects  and/or  nation- 
al goals.  Basic  research  and  education  are  investments  in  future 
capabilities.  It  is  therefore  not  surprising  that  the  academic  sector 
performed  62  percent  of  the  Nation's  basic  research. 

♦  In  recognition  of  the  importance  of  basic  research,  national  expen- 
ditures in  this  area  of  investment  increased  both  in  terms  of  abso- 
lute levels  of  funding  and  a  >  a  proportion  of  total  R&D  expenditures. 
Since  the  mid-1980s,  the  share  of  R&I)  funding  devoted  to  basic 
research  robe  from  13  to  16  percent.  The  Federal  Government  has 
traditionally  funded  the  majority  of  the  Nation's  basic  research;  in 
1993,  it  provided  63  percent  of  the  funding  for  this  activity. 

♦  Tliere  is  new  and  increased  emphasis  on  supporting  basic  research 
in  a  variety  of  strategic  areas  as  determined  by  the  President,  the 
new  Cabinet-level  National  Science  and  Technology  Council  (NSTC),' 
and  Congress. 

♦  Tlie  NSTC  will  establish  clear  national  goals  for  federal  science 
and  technology  investments  and  ensure  that  science,  space  and 
technology  policies  and  programs  are  developed  and  implemented 
to  effectively  contribute  to  those  national  goals.  To  enhance  coor- 
dination of  R&D  strategies  and  budget  recommendations,  the 
National  Science  and  Technology  Council  will  establish  coordinat- 
ing committees  on  R&I)  in  the  following  areas: 

•  Health,  Safety,  and  Food  R&O 

•  Fundamental  Science  and  Engineering  Research 

•  Information  and  Communication  R&D 

•  Environment  nnd  Natural  Resources  Research 

•  Civilian  Industrial  Technology  R&D 

•  Education  and  Training  R&D 

•  Transportation  r&d 

•  National  Security^  R&D 

•  International  Science  Engineering  and  Technology  R&D 


'Presidenl  Clinton  eslablislu-d  tlu*  Nalioiial  Science  i\m\  Tt-chnoloj^y  Council  by 
Executive  Order  on  November  2.3.  1993.  'Flie  Council  will  consolidate  the  responsibilities 
previously  carried  out  by  a  number  of  other  interafrency  councils,  including  the  Federal 
Coordinating?  Council  for  Science.  KnRineerinj^,  and  Technolojiy:  Ihe  National  Space 
Council:  and  the  National  Critical  Materials  Council.  'ITie  same  executive  order  also  estab- 
lished the  President's  Committee  of  Advisors  on  Science  and  Technology;  this  private  sec- 
tor committee  will  serve  as  an  advisory  group  to  the  President  and  the  National  Science  and 
Technology  Council. 
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Universities  have  assumed  a  larger  role  in  performing  tirie  Nation's 
R&D,  but  are  receiving  a  smaller  share  of  their  funding  from  the 
Federal  Government. 

♦  Academic  RM)  rose  to  an  esiimaied  S20.6  billion  in  1993.  Although 
overall  expenditures  have  grown,  the  federal  share  of  academic 
support  has  continued  to  decline,  as  other  rer  ted  sources  of  uni- 
versity support— including  universities'  own  funds — have  grown 
more  rapidly. 

♦  In  1993,  federal  sources  still  provided  the  majority  of  funding  for 
academic  R&D— 56  percent— but  this  was  a  decrease  from  the  68- 
percent  share  provided  by  the  Federal  Government  in  1980.  Aca- 
demic institutions  themselves  provided  the  second  largest  share  of 
academic  K&D  support,  reaching  20  percent  in  1993.  Industrial  sup- 
port of  academic  research  has  grown  more  rapidly  than  support 
from  other  sources;  its  share  increased  from  3.9  percent  in  1980  to 
7.3  percent  in  1993. 

♦  'Ilie  amount,  adequacy,  and  condition  of  S&B  research  space  at  the 
Nation  s  research-performing  institutions  are  all  reported  to  have 
increased  and/or  improved  between  the  1988/89  and  1992/93 
periods.  However,  34  percent  of  the  institutions  still  reported  that 
their  research  space  was  inadequate. 

♦  U.S.  research  universities  have  recently  begun  to  show  a  decline  in 
expenditures  from  current  funds  on  academic  R&D  instrumentation 
after  having  made  large  increases  in  instrumentation  investment 
during  most  of  the  1980s. 

♦  The  rapid  increase  in  the  number  of  doctoral  academic  re- 
searchers evident  in  the  1980s  appears  to  have  leveled  off  for  all 
tlelds  but  computer  science. 

♦  During  the  1980s,  a  growing  fraction  of  academic  scientists  and 
engineers  reported  being  active  in  research.  Tliis  trend  seems  to 
have  slowed  or  leveled  off  between  1989  and  1991. 

Defense  downsizing  has  affected  r&d  expenditures  and  s&E 
employment. 

♦  Defense  R&D  (which  includes  Department  of  Energy  weapons  pro- 
grams) dropped  to  59  percent  of  the  1994  federal  R&D  budget- 
down  from  its  1987  peak  of  69  percent.  Within  the  Department  of 
Defense  (DOD),  however,  the  post-Cold  War  budget  R&D  funds 
have  actually  increased^  while  some  other  budget  areas  have 
declined.  R&D  now  accounts  for  14  percent  of  DOD's  total  outlays— 
up  from  a  10-percent  share  at  the  beginning  of  the  defense  buildup 


lie  burden  of  expectations 
on  the  universities  grows  year 
by  year,  while  their  traditional 
functions  of  teaching,  research 
and  extension  have  never 
been  more  important" 
Frank  H.T.  Rhodes 

President  of  Cornell  University 
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in  1980.  Out  of  its  U.^I)  biidj^et,  DOI)  now  provides  financing  for  a 
multi-agency  defense  conversion  effort  to  bolster  economic  com- 
petitiveness and  promote  dual-use  lechnoloKies  to  ease  defense 
conversion. 

♦  Federal  **\!ndinj?  of  industrial  R^l^  is  hi;?hly  concentrated  in  indus- 
tries with  defense  importance;  aircraft  and  missiles  companies  and 
communications  equipment  firms  received  more  than  three- 
fourths  of  federal  R&D  support  to  industry.  Ki^i:)  in  these  industries 
will  no  doubt  be  affected  by  downsizing  of  defense  procurement. 

♦  Defense  downsizing  has  affected  industry's  employment  of  R&I) 
scientists  and  engineers.  Preliminary  data  show  that  the  number 
of  R&l)  scientists  and  engineers  declined  6  percent,  dropping  from 
730,000  in  1990  to  684,000  in  1992:  in  the  aircraft  and  missiles 
industr\',  the  number  of  federally  supported  RiszD  scientists  and 
engineers  declined  20  percent. 

♦  Reduced  defense  spending  is  having  a  major  impact  on  engineer- 
ing employm.cnl.  Recent  government  projections  show  that  more 
than  two  out  of  five  engineering  defense -related  civilian  jobs  have 
been,  or  will  be.  lost  between  1987  and  1997. 

R&D  partnerships  and  university-industry  cooperation  are 
increasing. 

♦  In  constant  dollars,  academic  R&D  financed  by  industry  increased 
an  estimated  265  percent  from  1980  to  1993.  hidustry  s  share  of 
academic  \m)  funding  grew  from  3.9  percent  to  an  esdmated  7.3 
percent. 

♦  Tliere  was  an  estimated  fourfold  increase  in  the  number  of  univer- 
sity-industry research  centers  (L'IRCs)  established  in  the  1980s 
compared  to  the  number  established  in  the  1970s.  The  more  than 
hOOO  university-industry  research  centers  in  existence  in  1991 
spent  an  estimated  $2.7  billion  on  R&D  in  1990:  72  percent  of  the 
UiRCs  were  established  with  the  support  of  federal  or  state  funds. 

♦  Industry-universit>'  coauthorship  of  scientific  articles  is  increasing. 
In  1991.  35  percent  of  all  industry  articles  were  collaborative 
efforts  with  academic  researchers,  up  from  22  percent  a  decade 
earlier. 

♦  Academic  patenting  continued  its  rapid  growth  into  1991:  almost 
on  fourth  of  all  patents  awarded  to  universities  since  1969  were 
awarded  in  1990-91.  Tliis  increase  was  especially  true  in  the  health 
and  biomedical-related  areas  and  is  one  indicator  of  the  potential 
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role  played  by  academic  K.v;:!)  in  the  (levelopnienl  of  lechnoloK^'  and 
new  products.  It  may  also  be  an  indication  of  increased  interest  by 
university  researchers  in  the  marketplace. 

♦  Universities  are  receiving  financial  benefits  from  patenting  and 
licensing.  A  recent  General  Accounting  Office  study  indicated  that 
!nany  universities  expanded  their  efforts  to  transfer  tcchnolop^  to 
industry  and  to  enhance  their  licensing  activities. 

♦  Federal  labs  also  are  accelerating  efforts  to  help  industry^  make 
commercial  use  of  their  research.  More  than  1,500  cooperative 
R&D  agreements  (CRADAs)  have  been  negotiated  between  federal 
labs  and  industry  since  1987.  and  the  number  of  licensing  agree- 
ments has  more  than  doubled. 

♦  Eleven  federal  agencies  participated  in  the  Small  Business 
Innovation  Research  (SBIR)  Program  in  1991,  making  awards 
totaling  $483  million.  During  the  1983-91  period,  more  than  one- 
fifth  of  these  awards  were  computer-related,  and  one-fifth  were  for 
electronics  research.  Research  in  the  life  sciences  and  materials 
each  represented  16  percent  of  all  SBIR  awards. 

U.S.  student  performance  in  science  and  mathematics  at  the  pre- 
college  level  is  still  problematic. 

♦  Increases  in  the  average  mathematics  National  Assessment  of 
Educational  Progress  (NAEP)  proficiency  scores  for  13-  and  17- 
year-old  students  between  1978  and  1990  reflect  gains  among  stu- 
dents who  fall  below  the  50th  percentile.  The  gains  made  by  these 
students  may  be  attributable  to  the  past  focus  on  teaching  basic 
skills.  Little  or  no  progress  has  been  made  in  raising  the  proficien- 
cy scores  of  students  in  the  top  quartiles. 

♦  Research  indicates  that  three-fourths  of  eventual  science,  mathe- 
matics, or  engineering  majors  in  college  had  different  plans  as 
high  school  sophomores  or  changed  their  minds  several  times 
during  their  academic  careers.  'Hiis  finding  suggests  that  educa- 
tors concerned  about  the  development  of  engineers,  mathemati- 
cians, and  scientists  for  the  future  need  to  look  to  other  fields  and 
help  smooth  the  transition  of  students  from  one  major  to  another. 

There  are  major  differences  between  males  and  females  in  their 
participation  in  science  and  engineering  at  all  levels,  but  some 
improvements  are  evident. 

♦  Although  male  and  female  students  in  the  4th,  8th.  and  12th 
grades  have  equivalent  mean  NAKP  scores  in  mathematics,  more 


'7/ we  can  do  a  better  Job  of 
educating  all  young  people  in 
science  and  mathematics,  they  will 
not  only  grow  up  with  skills  that  will 
help  them  find  Jobs,  they  will  be 
able  to  appreciate  the  importance 
of  science  and  engineering  and  its 
role  in  the  quality  of  life.  Starting 
early  is  the  best  strategy,  but  we 
should  not  be  shy  in  exploring 
every  possible  mechanism  to 
reach  all  people  of  all  ages. " 
Nkal  I  a\e 

Director 
National  Science  Foundation 
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12th  grade  males  than  females  arc  reaching  the  advanced  and  pro- 
ficient levels.  Tlie  science  scores  of  13-  and  17-year-old  male  stu- 
dents have  remained  higher  than  those  of  female  students  of  the 
same  age. 

♦  Females  continue  to  be  underrepresented  among  the  highest  scor- 
ers on  the  mathematics  section  of  the  vScholastic  Aptitude  Test 
(SAT).  While  24  percent  of  males  score  at  or  above  600,  only  13  per- 
cent of  females  score  that  high. 

♦  At  the  undergraduate  level,  females  obtained  45  percent  of  all 
bachelors  degrees  in  the  natural  sciences  in  1991.  Their  participa- 
tion rate  in  engineering  degrees  grev^  from  2  to  16  percent 
between  1975  and  1991. 

♦  By  1991,  more  than  one-third  of  graduate  s&E  students  were 
female. 

♦  Females  received  half  the  social  science  degrees  and  over  a  quar- 
ter of  the  natural  science  degrees  at  the  doctoral  level  in  1991.  ^Fhis 
represents  a  doubling  of  female  participation  rates  in  these  s&E 
fields  since  1975.  However,  women  received  relatively  few  engi- 
neering or  math/computer  sciences  degrees  at  the  doctoral 
level — 9  and  17  percent,  respectively. 

♦  In  1991,  women  comprised  88  percent  of  all  elementary  school 
teachers  and  56  percent  of  all  secondary  school  teachers.  However, 
women  were  less  likely  to  be  matheniafics  and  science  teachers. 

♦  Although  women  still  comprise  a  very  small  portion  of  the  engi- 
neering workforce,  some  progress  has  been  made  over  the  past 
decade:  Between  1983  and  1992,  the  percentage  of  women 
increased  from  5.9  percent  to  8.7  percent. 

♦  The  number  of  doctoral  women  scientists  and  engineers  employed 
in  academia  more  than  doubled  from  1979  to  1991,  increasing  from 
16,650  to  35,600;  the  number  active  in  academic  R<&D  almost 
tripled. 

♦  Women  represented  19  percent  of  academic  researchers  in  1991. 
Almost  half  of  these  were  active  in  the  life  sciences.  Women 
accounted  for  only  3.4  percent  of  all  academic  doctoral  engineers 
in  1991. 
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Minorities  are  still  underrepresented  in  science,  mathematics, 
and  engineering,  althougti  some  progress  has  been  achieved. 

♦  At  a  time  when  their  numbers  are  j^rowin^^,  minority  students  are 
underrepresented  amonj?  students  doin^^:  well  in  mathematics  and 
science  and  amoni^  those  who  j^o  on  to  pursue  math-  and  science- 
related  careers.  By  2010,  the  school-age  population  is  expected  to 
be  more  than  4(>-percent  minority. 

♦  From  1990  to  1992.  NAEP  mathematics  proficiency  scores  showed 
gains  for  white  students  in  all  grades;  the  gains  for  black  and  His- 
panic students  were  of  a  smaller  magnitude. 

♦  Approximately  two-thirds  of  white  and  black  students  in  high 
school  have  taken  geometry  or  more  advanced  courses,  compared 
to  just  over  hali  of  Hispanic  students. 

♦  'Hie  gap  between  the  mathematics  scores  on  the  sat  of  whites  and 
Asians,  on  the  one  hand,  and  blacks.  Mexican  Americans,  I^tin 
Americans,  Puerto  Ricans.  and  Native  Americans,  on  the  other 
hand,  is  very  large.  WTiile  the  overall  performance  of  blacks  has 
improved,  there  has  been  little  progress  in  raising  the  number  of 
high-scoring  blacks. 

♦  Asians  have  not  only  outscored  all  other  groups  on  the  mathemat- 
ics portion  of  the  SAT  from  1987  to  1992,  they  also  appear  to  be 
widening  the  gap  between  themselves  and  all  other  groups.  'File 
number  of  Asians  scoring  750  or  more  doubled  during  the  period. 

♦  Underrepresented  minorities  (blacks,  Hispanics.  and  Native  Amer- 
icans) modestly  improved  their  participation  rates  in  s&E  degrees, 
rising  from  6  percent  in  1977  to  almost  10  percent  in  1991. 

♦  Although  31  percent  of  the  Nations  students  come  from  minority' 
groups,  only  11  percent  of  high  school  mathematics  teachers  and 
only  4  percent  of  high  school  physics  teachers  are  minorities. 

♦  Eighth  grade  white  and  Asian  students  and  eighth  grade  students  from 
high  socioeconomic  status  families  were  much  more  likely  to  be  taught 
by  mathematics  teachers  who  majored  in  mathematics  or  mathematics 
education  than  were  black.  Hispanic,  or  Native  American  students. 

t  Undergraduate  enrollments  in  engineering  of  blacks  increased 
from  4  to  7  percent  during  the  period  1979-92:  concurrently,  enroll- 
ments of  Hispanics  rose  from  3  to  6  percent. 

♦  Underrepresented  minorities  comprise  only  about  4.6  percent  of 
the  graduate  student  population  in  natural  sciences  and  about  4 
percent  in  engineering. 
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'We  are  acutely  sensitive 
to  the  underrepresentation  of 
both  women  and  minorities  in 

science  and  engineering. 
Programs  addressed  to  helping 
these  groups  to  succeed  and  move 
into  leadership  roles  are  important. 
It  will  take  time,  but  in  the  end 
that  is  the  only  tvay  I  think  you 
are  going  to  get  really  fundamental 
change,  and  that  fundamental 
change  is  absolutely  critical  for 
our  society  right  now. " 

JAMKSJ.  DUDERSTADT 

Chairman 
National  Science  Board 
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♦  'Hie  uuinbtT  of  doctoral  doffrees  obtained  hy  underrepresentod 
minorities  has  increased  in  all  ScV^-K  fields,  especially  in  the  social 
and  natural  sciences.  This  j^rowth  is  from  a  small  base,  however, 
and  minority  students  still  represent  only  a  half  of  1  percent  of  all 
doctoral  de^^rees. 

♦  Since  1979,  increases  in  participation  for  minorities  have  been 
j^reater  than  for  whites,  but  the  overall  number  of  black.  Hispanic, 
and  Native  American  researchers  remains  low.  In  1991,  minorities 
const  ituted  5  percent  of  academic  doctoral  sSrK  researchers,  up  from 
2  percent  in  1979.  Their  increasing  share  among  researchers  is 
roughly  in  line  with  theii*  growing  share  ^M'  academic  employment. 

♦  Asians  are  increasingly  i)rominent  in  academic  K.^I).  They  consti- 
tuted 10  percent  of  academic  researchers  in  199L  up  from  4  per- 
cent in  1979. 

♦  Minorities  are  undeirepresented  in  the  engineering  workforce.  The 
percentage  of  blacks  in  the  engineering  v/orkforce  increased  from 
2.6  percent  in  1983  to  4.0  percent  in  1992,  and  the  percentage  of 
Hispanics  increased  from  2.2  to  3.1  percent  over  the  same  period. 

Enrollments  and  degrees  in  s&e  fields  are  up. 

♦  Tliere  are  indicators  of  growing  interest  among  freshmen  in  study- 
ing fields  of  science  and  engineering.  National  Merit  Scholars 
expressed  increasing  interest  in  natural  science  and  engineering 
majors  from  1989  to  1992. 

♦  The  absolute  number  of  undergraduate  degrees  in  engineering, 
math,  and  computer  sciences  continued  to  decline  in  1991,  but 
there  was  an  upturn  in  natural  science  degrees  in  1991  after  a 
slow,  decade-long  decline. 

♦  After  declining  slightly  each  year  from  1982  to  1989.  engineering 
enrollments  have  shown  small  inci'eases  since  1990.  Women  and 
minorities  have  primarily  accounted  for  these  increases. 

♦  CJraduate  enrollments  in  fields  grew  steadily  at  a  rate  of  2  percent 
per  year  from  1977  to  1991.  Much  of  this  growth  was  due  to  female 
and  foreign  students:  by  1991,  more  than  one-third  of  graduate  S&E 
students  were  women  and  another  quarter  were  foreign  students. 

♦  At  the  doctoral  level,  engineering  degrees  grew  at  a  faster  rate 
than  any  other  field— 6  percent  annually  since  1978,  reaching  over 
5,000  degrees  in  1991. 
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SAE  personnel  patterns  are  changing, 

♦  r.N.  industrial  firms  employed  1.3  million  engineers  and  667,000 
M-ionlists  in  1992.  Iknween  1989  and  1992.  total  industrial  SikE 
cniijjoynioni  increased  at  an  averaj^e  annual  rate  of  1.5  percent— 
( onsiderably  below  the  :-5.(>-percent  rate  registered  during  the  pre- 
cedinj^  9-year  period. 

♦  Curreni  employment  patterns  for  scientists  and  engineers  show 
the  stress  of  cutbacks  in  defense  spending,  industry  downsizing, 
and  the  global  economic  slowdown.  Although  scientists  and  engi- 
neers are  less  likely  to  be  unemployed  than  other  types  of  work-, 
ers.  1992  unemployment  rates  are  higher  than  those  recorded  a 
It'W  years  ago.  In  1992.  the  unemployment  rate  for  engineers  was 
;;.S  jH^rciMit:  for  natural  scientists.  2.3  percent:  and  for  mathemati- 
cal and  computer  scientists.  2.6  i)ercent.  In  comparison,  the  overall 
national  unemployment  rate  was  6.7  percent.  Doctoral  scientists. 
howevcT.  have  an  extremely  low  unemployment  rate — 1.5  percent 
in  1992. 

♦  Organizations  that  track  entr>'-level  hiring  of  college  graduates  all 
repoil  a  reduction  in  recruiting  by  employers  and  in  the  number  of 
job  offers  made  to  new  college  graduates  in  the  1990s.  SJkE  gradu- 
ates siill  appear  to  be  faring  better  than  those  who  majored  in 
other  disciplines  and  continue  to  command  higher  starting  salaries 
than  their  counterparts  in  non-S^VK  fields. 

♦  A  n(Sirly  two-decade-long  trend  toward  an  aging  academic 
rt^search  workforce  is  starting  to  reverse.  "Young  researchers" 
(that  is,  those  who  earned  their  doctoral  degrees  within  the  prior  7 
vrars)  conipris(^d  only  25  percent  of  all  academic  researchers  in 
11)89.  but  accounted  for  31  percent  in  1991.  The  life  and  computer 
sciences  have  maintained  relatively  younger  researcher  pools 
thn)ughoul  the  period,  while  mathematics  has  apparently  "aged" 
ihe  most. 

♦  studies  of  the  future  ^.K:!-:  job  market  conducted  by  the  Bureau  of 
[.abor  Statistics  yield  the  following  conclusions  for  1990-2005. 
llit^se  proj(Ttions  take  defense  downsizing  into  account. 

•  Employment  in  technical  occupations  will  grow  at  a  faster  pace 
than  overall  employment. 

•  Kmployment  in  technology-intensive  industries  will  grow  at 
about  the  same  rate  as  employment  in  general. 


"I  don  t  think  that  the 
long-term  future  is  bleak  at  alL 
because  we  are  going  to  survive 
by  virtue  of  our  scientists  and 
engineers,  our  people  who  have 
good  heads  on  their  shoulders 
and  exercise  their  brains.  At  the 
same  time  .  .  .  you  can't  cut  your 
deficit  and  also  hire  more  people  .  .  . 
Fm  sympathetic  with  the  fact 
that  there  are  enormous  pressures 
in  the  Job  market. " 
John  Gibbons 

Director 

Office  of  Science  and  Technology  Policy 

❖ 
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Overview.  Science  and  Technology:  Changes  and  Challenges 


•  Surpluses  are  more  likely  to  be  observed  in  the  job  market 
than  shortages,  but  the  latter — especially  in  specific  fields — 
cannot  be  ruled  out. 

U.S.  industrial  r&d  and  technology  remain  competitive  in  some 
areas,  but  are  being  challenged  by  other  nations. 

♦  Industry  is  the  largest  perfomer  of  R&D  in  the  United  States.  The 
estimated  value  of  all  R&D  performed  by  companies  in  1993  was 
$109.3  billion — or  68  percent  of  the  total  national  R&D  effort. 

♦  R&D  is  highly  concentrated  in  the  United  States:  Eight  industries 
account  for  over  80  percent  of  all  industrial  R&D  performed  in  the 
country.  Tlie  aircraft  and  communications  equipment  industries  have 
consistently  been  the  largest  performers  of  R&D  in  the  United  States. 
Tlie  U.S.  computer/office  equipment  industry — by  virtue  of  higher 
rates  of  R&D  performed  over  the  past  two  decades — has  taken  over 
third  place  from  the  C.S.  motor  vehicle  industr>\  In  1990,  the  top 
three  R&D-performing  industries  in  the  United  States — aircraft,  com- 
munications equipment,  and  computer/office  equipment— together 
accounted  for  over  50  percent  of  all  industrial  R&D  performed. 

♦  Since  1973,  R&D  performance  in  Japanese  manufacturing  indus- 
tries grew  at  a  higher  annual  rate  than  in  the  United  States;  since 
1980,  it  grew  faster  than  in  all  other  industrialized  countries.  Tlie 
top  three  R&D-performing  industries  in  Japan — communications 
equipment,  motor  vehicles,  and  electrical  machinery — accounted 
for  about  40  percent  of  the  Japanese  national  industrial  R&D  total. 
Rapid  R&D  growth  in  the  Japanese  computer/office  equipment 
industry  during  the  1970s  and  1980s  has  made  that  industry  one  of 
the  country's  top  five  industn''  performers. 

♦  The  United  States  continues  to  lead  all  other  nations  in  the  produc- 
tion of  high-tech  products.  However,  its  leadership  is  being  chal- 
lenged by  Japan,  whose  share  of  the  global  market  for  high-tech 
products  steadily  increased  during  the  eighties  and  early  nineties. 

♦  Of  the  six  industries  that  form  the  high-tech  group,  three  U.S. 
industries— those  producing  scientific  instruments,  drugs  and 
medicines,  and  aircraft— gained  global  market  share  during  the 
1980s  and  maintained  that  market  share  into  the  early  1990s. 

♦  Demand  for  high-tech  products  in  the  United  States  was  increas- 
ingly met  by  foreign  suppliers  during  the  1980s  and  into  the  early 
1990s.  Import  penetration  of  U.S.  high-tech  markets  was  deepest  in 
the  computer/office  equipment  industry. 
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♦  Japan's  exports  of  hi^rh-tech  products  surpassed  those  of  the 
United  States  and  Germany  in  1983  and  continued  to  lead,  by  vary- 
ing margins,  through  1992.  Japan  led  the  world  in  exports  of  com- 
munications equipment,  computer/office  equipment,  electrical 
machinery,  and  scientific  instruments  in  1992.  The  United  States 
was  the  leading  exporter  in  only  one  high-tech  industry — aircraft. 

♦  By  the  mid-1980s,  U.S.  high-tech  exports  failed  to  keep  pace  with  U.S. 
imports  of  high-tech  products,  producing  persistent  annual  trade 
deficits  through  1992.  Trade  in  computer/office  equipment  shows 
the  greatest  deficit  among  all  the  U.S.  high-tech  areas.  Nevertheless, 
three  of  the  six  high-tech  areas  continue  to  show  trade  surpluses- 
aircraft,  pharmaceuticals,  and  scientific  instruments. 

U.S.  patenting  activity  has  improved,  but  foreign  inventors  have 
important  technical  strengths. 

♦  'Hie  number  of  U.S.  patents  granted  to  Americans  has  reversed  its 
decline  and  has  been  increasing  since  1983.  Patent  activity  by  for- 
eign inventors  in  the  United  States  generally  followed  the  U.S. 
trend,  although  the  number  of  foreign-origin  patents  increased 
somewhat  faster  after  1983. 

♦  Americans  successfully  patent  their  inventions  around  the  world. 
In  1990,  countries  in  which  U.S.  inventors  received  more  patents 
than  other  foreign  inventors  included  Japan,  the  United  Kingdom. 
Canada,  Mexico,  Brazil  and  India. 

♦  International  patenting  in  three  important  technologies— robot 
technology,  genetic  engineering,  and  optical  fiber  technology- 
underscores  the  inventive  activity  of  the  United  States.  Japan,  and 
Europe  in  these  diverse  areas.  Based  on  an  examination  of  national 
patenting  activity  in  33  countries  during  1980-90,  Japan  and  the 
United  States  led  in  overall  technological  activity  in  these  areas. 

♦  Foreign  patenting  activity  in  the  United  States  is  highly  concentrat- 
ed in  a  few  countries.  Inventors  from  the  European  Communitv' 
and  Japan  account  for  80  percent  of  all  foreign-origin  U.S.  patents. 
Japanese  inventors  received  22  percent  of  all  U.S.  patents  in  1991 
and  46  percent  of  the  foreign-origin  patents  in  the  United  States. 
Newly  industrialized  economies,  in  particular  Taiwan  and  South 
Korea,  dramatically  increased  their  patenting  activity  in  the  United 
States  during  the  last  half  of  the  1980s. 


"One  new  idea  leads  to  another, 
that  to  a  third,  and  so  on  through  a 
course  of  time  until  some  one, 
with  whom  none  of  these  was 
original,  combines  all  together, 
and  produces  what  is  justly  called  a 
new  invention," 

Thomas  Jefferson 
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♦  Recent  patent  emphases  by  forei^^n  inventors  in  the  United  States 
show  widespread  international  focus  on  several  commercially  impor- 
tant technolo^es.  Japanese  inventors  are  eaminj2:  patents  in  the  infor- 
mation technolopfies.  as  are  German  inventors.  Also,  German, 
French,  and  British  inventors  are  showing  high  activity  in  biotechnol- 
ogy-related patent  fields.  Inventors  from  Taiwan  and  South  Korea  are 
earning  an  increasing  number  of  U.S.  patents  in  technology  fields 
related  to  communicadons  and  electronic  components. 

Americans  hold  science  and  medicine  in  high  regard,  but  do  not 
consider  themselves  well-informed  about  science  and  technology. 

♦  In  1992.  approximately  80  percent  of  America  adults  believed  that 
science  and  technology  have  increased  our  standard  of  living, 
enhanced  our  working  conditions,  and  improved  the  public  health, 
'lluoughout  the  last  decade,  at  least  70  percent  of  Americans  con- 
tinued to  express  the  view  that  the  benefits  of  scientific  research 
exceed  risks  or  harms  associated  with  that  work. 

♦  Compared  to  citizens  in  Japan  and  the  European  Community,  a 
larger  proportion  of  Ainericans  expressed  a  high  level  of  interest  in 
new  medical  discoveries.  Citizens  in  all  three  regions  have  about 
the  same  high  level  of  interest  in  new  scientific  discoveries,  the  use 
of  new  inventions  and  technologies,  and  environmental  pollution. 

♦  Americans  continue  to  have  a  high  level  of  interest  in  science  and 
technology  In  1992.  about  a  third  of  Americans  reported  that  they 
were  very  i  itcrested  in  issues  about  "new  scientific  discoveries*' 
and  "the  use  of  new  inventions  and  technologies." 

♦  In  contrast,  in  1992.  only  about  12  percent  of  Americans  thought  of 
themselves  as  being  ver\'  well-informed  about  issues  involving  new 
scientific  discoveries,  and  29  percent  felt  they  were  very  well- 
informed  about  environmental  pollution  issues. 

♦  A  higher  proporUon  of  European  adults  than  iJ.S.  adults  classify 
themselves  as  having  a  clear  understanding  of  several  important 
environmental  concepts.  For  example,  44  percent  of  Europeans 
say  they  have  a  clear  understanding  of  the  hole  in  the  ozone  layer, 
compared  to  30  percent  of  Americans. 

♦  Most  Americans  depend  on  television  and  newspapers  as  their  pri- 
mary source  of  news  and  information.  Wlien  looking  for  more  spe- 
cialized information,  e.g.,  personal  health  information,  a  third  of 
American  adults  rely  on  television. 
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♦  About  15  percent  of  .\mencans  follow  science  and  technology 
issues  in  the  news  and  try  to  stay  up  to  date  on  these  matters. 

♦  Americans  show  some  awareness  of  the  issues  of  integrity  and 
fraud  in  scientific  work,  but  they  appear  to  take  a  reasonably  bal- 
anced view  of  the  problem.  Additionally.  American  confidence  in 
the  leadership  of  the  scientific  community  increased  over  the  last 
few  years  and  remains  among  the  highest  level  for  professional 
groups  in  American  societ^^ 


'*Concernfor  man  himself  and 
his  fate  must  always  form  the  chief 
interest  of  all  technical  endeavors . . . 
Never  forget  this  in  the  midst  of  your 
diagrams  and  equations. " 

Albert  Einstein 
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Chapter  1 .  Elementary  and  Secondary  Science  and  Mathematics  Education 


HIGHLIGHTS 


Student* ACHIEVEMENT:  NAEP Trends 

♦  At  a  time  when  their  numbers  are  growing, 
minority  students  are  underrepresented  among 
students  doing  ^vell  in  mathematics  and  science 
and  among  those  who  go  on  to  pursue  mathe- 
matics- and  science-related  careers.  By  the  year 
2010,  the  school-age  population  is  expected  to  be 
more  than  40  percent  minority, 

♦  Increases  in  the  average  mathematics  proficien- 
cy scores  for  13-  and  17-year-old  students 
between  1978  and  1990  reflect  gains  among 
students  who  fall  below  the  50th  percentile.  The 

gains  made  by  these  students  may  be  attributable  to 
the  past  focus  on  teaching  basic  skills.  Little  or  no 
progress  has  been  made  in  raising  the  protlciency 
scores  of  students  in  the  top  quarliles. 

♦  Recent  trends  (1990  to  1992)  in  mathematics 
proficiency  scores  show  gains  for  white  stu- 
dents in  ail  grades,  while  black  and  Hispanic  stu- 
dents experienced  fewer  gains. 

♦  Male  and  female  students  in  the  4th,  8th,  and 
12th  grades  have  equivalent  mean  scores  in 
mathematics.  However,  more  12th  grade  males 
than  females  are  reaching  the  advanced  and  profi- 
cient levels.  The  science  scores  of  13-  and  17-year-old 
male  students  have  remained  higher  than  those  of 
female  students  of  the  same  age. 

CODRSETAKING 

♦  Approximately  two-thirds  of  white  and  black 
students  have  taken  geometry  or  more  ad- 
vanced courses,  compared  to  just  over  half  of 
Hispanic  students. 

♦  Research  indicates  that  three-fourths  of  eventu- 
al science,  mathematics,  or  engineering  majors 
in  college  had  different  plans  as  high  school 
sophomores  or  changed  their  minds  several 
tinies  during  their  academic  careers.  This  find- 
ing suggests  that  educators  concerned  about  the 
development  of  engineers,  mathematicians,  and  sci- 
entists for  the  future  need  to  look  to  other  fields  and 
help  smooth  the  transition  of  students  from  one 
major  to  another. 

COLIJEGE-BOUND  STUDENTS:  SAT  TRENDS 

♦  Females  continue  to  be  underrepresented  among 
the  highest  scorers  on  the  mathematics  section 
of  the  Scholastic  Aptitude  Test  (SAT).  While  24 
percent  of  males  score  at  or  above  600,  only  13  per- 
cent of  females  score  that  high. 


♦  The  gap  between  the  mathematics  scores  on  the 
SAT  of  whites  and  Asians,  on  the  one  hand^  and 
black,  Mexican  Americans,  Latin  Americans, 
Puerto  Ricans,  and  Native  Americans,  on  the 
other  hand,  is  very  large.  While  the  overall  perfor- 
mance of  blacks  has  improved,  there  is  little  progress 
to  report  in  raising  the  number  of  high-scoring  blacks. 

♦  Asians  have  not  only  outscored  all  other  groups 
on  the  mathematics  portion  of  the  SAT  from 
1987  to  1992,  they  appear  to  be  widening  the 
gap  between  themselves  and  all  other  groups. 

The  number  of  Asians  scoring  750  or  more  doubled 
during  the  period. 

INTERNAIIONAL  COMPARISONS 

♦  A  longitudinal  analysis  of  students  who  were  test- 
ed in  the  earlier  and  later  grades  indicated  that 
there  was  no  evidence  of  improvement  in  the  sta- 
tus of  the  U.S.  students  as  they  moved  from  1st 
through  11th  grade.  The  researchers  concluded 
that  the  achievement  gap  is  real,  that  it  is  persistent, 
and  that  it  is  unlikely  to  diminish  until,  among  other 
things,  there  are  marked  changes  in  the  attitudes  and 
beliefs  of  U.S.  parents  and  students  about  education. 

Teachers  and  Other  Resources 

♦  In  1991,  women  comprised  88  percent  of  all 
elementary  school  teachers  and  56  percent  of 
all  secondary  school  teachers.  However,  women 
were  less  likely  to  be  mathematics  or  science  special- 
ists in  the  elementary  grades  or  mathematics  and  sci- 
ence teachers  in  the  secondary  grades. 

♦  The  proportion  of  minority  teachers  of  math 
and  science  is  low  relative  to  the  proportion  of 
minority  students.  Although  31  percent  of  the 
Nation's  students  come  from  minority  groups,  only 
11  percent  of  high  school  mathematics  teachers  and 
only  4  percent  of  high  school  physics  teachers  are 
minorities, 

♦  Eighth  grade  white  and  Asian  students  and 
eighth  grade  students  from  high  socioeconomic 
status  families  were  much  more  likely  to  be  taught 
by  mathematics  teachers  who  majored  in  mathemat- 
ics or  mathematics  education  than  blacks,  Hispanics, 
or  Native  Americans. 

♦  The  use  of  computers  and  calculators  in  the 
classroom  is  on  the  rise.  Between  1985  and  1989 
teachers  use  of  computers  with  their  students  more 
than  doubled,  although  the  number  of  teachers  using 
computers  for  mathematics  and  science  are  still  in 
the  minority. 
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♦  In  a  search  for  an  explanation  for  racial/ethnic 
differences  in  school  achievement,  some 
researchers  have  pointed  to  the  low  level  of 
peer  support  for  academic  excellence  among 
black  and  Hispanic  students.  Researchers  contin- 


ue to  debate  the  causes  of  racial/ethnic  differences 
in  school  achievement.  However,  any  explanation 
must  take  the  multiple  and  interactive  influences  of 
school,  family,  language,  and  community  resources 
into  account. 


Introduction 

Chapter  Background 

In  1945.  the  Harvard  Committee  on  the  Objectives  of  a 
General  Education  in  a  Free  SocieD/— a  committee  made 
up  of  some  of  the  most  disting^uished  scientists  and  edu- 
cators in  the  country — echoed  the  conventional  wisdom 
of  the  time  when  it  recommended  excluding  half  or 
more  of  the  young  people  in  the  United  States  from 
advanced  coursework  in  science  and  mathematics.  The 
committee  argued  that  "little  more  than  half  the  pupils 
enrolled  in  the  ninth  grade  can  derive  genuine  profit 
from  substantial  instruction  in  algebra..."  (Harvard 
Committee  1966). 

In  the  ensuing  half-century,  attitudes  (if  not  practice) 
have  changed  with  regard  to  science  and  mathematics 
education  at  the  precollegiate  level.  Today,  reformers 
call  for  the  popularization  of  high-level  mathematics  and 
science  coursework;  this  reform  movement  is  fueled  by 
concerns  over  our  Nation's  economic  competitiveness, 
the  quality  of  our  workforce,  society's  ability  to  cope  wath 
advanced  technology,  and  the  pipeline  that  produces  the 
country's  scientists  and  engineers.  The  calls  for  more 
instruction  and  higher  achievement  in  mathematics  and 
science  for  all  students  are  also  part  of  a  larger  trend  of 
expansion  and  inclusion  in  U.S.  education.  Since  World 
War  II,  access  to  public  education  has  dramatically 
expanded,  and  the  curriculum  has  diversified  along  with 
the  student  population. 

Minority  students  are  underrepresented  among  stu- 
dents doing  well  in  mathematics  and  science  and  among 
those  who  go  on  to  pursue  math-  and  science-related 
careers.  Yet  the  minority  student  population  is  growing 
dramatically.  As  of  1992,  minorities  made  up  over  30  per- 
cent of  school-age  youth  (5  through  17  years).  By  2010. 
the  school-age  population  is  expected  to  be  more  than  40 
percent  minority.  After  2005.  more  blacks  than  non- 
Hispanic  whites  are  projected  to  be  added  to  the  popula- 
tion each  year.  And.  after  1995.  the  Hispanic  population 
is  projected  to  add  more  people  to  the  United  States 
every  year  than  any  other  group  (Day  1992) . 

Some  States  have  already  undergone  the  kind  of  rapid 
transformation  into  a  diverse  society  expected  for  the  rest 
of  the  country.  In  California.  Louisiana.  Hawaii.  Missis- 
sippi, New  Mexico,  and  Texas,  whites  currently  repre- 
sent less  than  50  percent  of  the  school-age  population. 

It  is  difficult  to  predict  whether  other  recent  social 
^  ♦rends  that  have  an  effect  on  academic  achievement  will 
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continue.  However,  increases  in  the  number  of  children 
who  speak  a  language  other  than  English  at  home  have 
already  challenged  the  capacity  of  many  schools  to  meet 
students'  educational  needs.  Bet-ween  1980  and  1990  the 
number  of  children  who  spoke  a  language  other  than 
English  at  home  grew  from  10  to  14  percent  of  the  5-  to 
17-year-old  population. 

Increases  in  the  number  of  children  living  in  poverty 
also  present  schools  with  difficult  challenges.  Children 
living  in  poverty — particularly  for  an  extended  number 
of  years — have  generally  performed  less  well  on 
achievement  tests  and  other  measures  of  achievement 
than  have  children  from  more  affluent  families.  Today, 
every  sixth  family  with  a  child  under  18  is  poor  (DOC 
1992).  There  are  more  poor  children  in  the  United 
States  today  (14.341.000)  than  in  any  year  since  1965 
(Children's  Defense  Fund  1992).  Many  of  those  poor 
children  are  concentrated  in  big  cities  and  rural  states. 
For  example.  Detroit.  Laredo  (Texas),  and  New 
Orleans  have  child  poverty  rates  above  46  percent. 
About  one-third  of  all  children  in  Mississippi  and 
Louisiana  live  in  poverty.  Every  other  black  preschool- 
er in  the  country  is  poor,  and  two  out  of  three  pre- 
schoolers from  any  background  are  poor  if  they  live  in 
a  female-headed  family. 

Raising  the  mathematics  and  science  achievement  of 
all  groups  is  an  important  ingredient  in  meeting  the  chal- 
lenges of  the  next  centur\'.  This  chapter  on  precollegiate 
mathemaUcs  and  science  education  examines  indicators 
of  progress — or  lack  of  progress.  Unlike  most  previous 
Science  &  Engineering  Indicators  chapters  on  this  topic 
(and.  indeed,  unlike  other  reports  on  education  indica- 
tors), the  present  chapter  focuses  on  the  full  distribution 
of  achievement  of  all  groups.  Tlius.  the  chapter  explores 
trends  among  low-achieving  and  high-achieving  stu- 
dents, not  just  mean  scores. 

Chapter  Organization 

The  chapter  begins  with  an  examination  of  trends  in 
academic  achievement  over  time,  h  then  explores  trends 
in  student  persistence  in  mathematics  and  science  cours- 
es, and  trends  in  the  academic  achievement  of  college- 
bound  students.  Particular  attention  is  paid  to  the  perfor- 
mance of  high-achieving  students  and  those  most  likely 
to  pursue  degrees  in  science  or  mathematics.  Next,  the 
chapter  includes  a  brief  review  of  international  compar- 
isons of  academic  achievement.  Whenever  possible,  the 
distribution  of  academic  achievement  is  examined  and 
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the  more  complex  slory  of  how  various  .t^roups  of  stu- 
dents are  doing  at  all  levels  of  achievement  is  told. 

The  chapter  next  presents  data  and  issues  on  teachers 
and  teaching.  Included  here  is  a  discussion  of  questions 
about  the  supply*  demand,  and  quality  of  science  and 
mathematics  teachers.  International  comparisons  high- 
Hght  characteristics  of  teachers  and  teaching  that  may 
be  associated  with  higher  science  and  mathematics 
achievement.  An  examination  of  curriculum  and  instruc- 
tion issue >  follows,  also  using  international  comparisons 
to  highlight  effective  practices.  The  section  discusses 
the  availability  and  use  of  resources  as  well  as  the  dis- 
crepancies between  common  classroom  practice  and 
reform  goals. 

The  chapter  continues  with  an  examination  of  out-of- 
school  learning  in  mathematics  and  science.  It  then 
turns  to  an  examination  of  the  role  of  new  testing  instru- 
ments in  improving  precollegiate  mathematics  and  sci- 
ence education,  and  concludes  with  a  brief  review  of  cur- 
rent policy  initiatives. 

Student  Achievement 

i^Jthough  tests  of  mathematics  and  science  achieve- 
ment have  been  criticized  for  providing  an  incomplete 
picture  of  students'  knowledge  and  skills  (NH'M  1989),' 
they  remain  a  primary  indicator  of  the  state  of  mathemat- 
ics and  science  education.-' This  section  examines  results 
of  the  National  Assessment  of  Educational  Progress 
(NAKP)  and  re-analyzes  trends  in  the  distribution  of 
achievement. 

Several  other  indicators  of  student  achievement  are 
addressed  in  this  section  as  well.  The  section  examines 
how  student  persistence  in  science  and  mathematics 
courses,  and  student  attitudes  toward  science  and  math, 
affect  achievement.  Next,  Scholastic  Aptitude  Test  (SAT) 
data  are  used  to  examine  trends  for  students  who  intend 
to  go  to  college.  The  section  concludes  with  a  discussion 
of  recent  international  comparisons  of  achievement. 


M()ri'(A\  r.  allhouKh  tvst  results  do  suu^cst  sunic  ironds  in  the  aca- 
demic achievement  of  various  groups  of  students,  they  only  contribute 
a  small  amount  of  the  information  needed  to  K^ide  improvement  in 
mathematics  and  science  education.  For  further  discussion  of  this 
lopic.  see  '•Improvements  in  Assessing  Achievement."  at  the  end  of  this 
chapter. 

Because  SAW  only  tests  students  who  are  in  school  at  ages  9. 
and  17.  caution  is  advised  in  interpreting  the  data.  By  a^e  17,  blacks. 
Native  Americans,  and  Hispanics  drop  out  of  school  at  a  higher  rate 
than  do  whiles  and  Asians,  llie  picture  is  further  clouded  by  the  fact 
that  lar^e  numbers  of  Hispanic  students,  especially  migrants,  drop  out 
as  early  as  a^e  \?k  .Msc).  because  it  is  a  "low-stakes"  test,  older  students 
may  not  perform  as  well  as  they  could  on  the  NAKP  tests. 

The  NAKP  sample  size  is  too  small  for  a  complete  analysis  of  Native 
American.  Asian,  or  ihe  various  groups  within  the  Hispanic  catep:or\'. 
In  addition,  NAKP  does  not  include  much  information  about  socioeco- 
nomic status.  Despite  these  limitations,  it  is  probably  the  best  indicator 
of  the  mathematics  and  science  achievement  of  U.S.  students  (Koretz 
1991)  because  it  uses  a  carefully  selected  random  sample  and  is 
designed  to  ret)resent  what  I'.s.  students  are  supposed  to  know. 
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NAEP:  An  Indicator  of  Student  Achievement 

NAi*:P  is  the  Federal  Government's  primary  indicator  of 
the  Nation  s  educational  achievement,  and  has  been 
used  to  monitor  student  achievement  in  mathematics, 
science,  reading,  writing,  and  other  subjects  for  nearly 
20  years.  The  N.ajep  tests  are  "low-stakes"  ones:  students 
are  randomly  selected  for  participation  in  NAEP  testing, 
and  their  performance  is  not  individually  scored.  (See 
"Student  Motivation  and  NAEP  Achievement.")  The 
most  recent  mathematics  NAKP  was  administered  in 
1992,  and  its  results  are  reported  on  later  in  this  section. 
Tlie  results  from  the  1990  assessments  in  mathematics 
and  science  tests  allowed  NAliP  to  perform  a  17-year 
trend  analysis  in  math,  and  a  20-year  trend  analysis  in 
science  (ETS  1991b.). 'ITie  results  of  these  trend  analyses 
are  discussed  below.^ 

Trends  in  NAEP  Mathematics  and  Science  Test 
Achievement 

Average  Proficiency  Scores,  Average  matheniatics 
proficiency  scores  (see  appendix  table  1-9)  for  9-year-old 
students  experienced  significant  gains  since  the  early 
1970s.  Scoi-es  for  9-year-old  students  remained  stable  in 
the  1970s  and  increased  significantly  (11  points)  between 
1982  and  1990.  Scores  for  13-year-olds  improved  slightly 
after  1978  to  surpass  the  1973  level;  scores  for  17-year- 
olds  decreased  between  1973  and  1982,  and  then  by  1990, 
regained  the  ground  they  had  lost. 

Average  proficiency  scores  in  science  (see  appendix 


'llie  mathematics  NAKP  was  first  conducted  in  \\)l'in\\\  it  was  then 
conducted  every  4  years  between  H)77/78  and  1989/90,  and  the  most 
recent  math  NAl- P  was  administered  in  1992.  'Ilie  science  NAKP.  which 
heuan  in  1969/70.  has  followed  the  same  schedule  as  the  mathematics 
NAKP  since  i98'J:  it  was  not  conducted  in  1992. 

The  1990  NAKP  included  a  Trial  Stale  Assessment  ProRram  that 
assessed  mathematics  achievement  of  eighth  ^rade  public  school  stu- 
dents. Thirty-seven  States  plus  the  District  of  Columbia.  Ckiam.  and 
the  r.h.  Virgin  Islands  volunteered  to  participate  in  this  program.  'Hie 
1992  mathematics  nakp  included  a  somewhat  expanded  stale  assess- 
ment con\ponent:  this  tested  fourth  and  eiRhth  prade  students  in  41 
States  plus  the  District  of  Columbia,  Guam,  and  the  U.S.  Virgin  Islands. 

'Tlie  nAI:p  achievement  scales  range  from  0  to  SOO  for  holh  mathe- 
matics and  science,  but  the  scales  are  not  equivalent.  Within  each  sub- 
ject, the  scales  permit  comparison  among  groups,  such  as  grades  or 
demographic  subgroups.  The  19^K)  mathematics  scale  was  computed 
using  a  weighted  composite  of  proficiency  on  the  five  content  area  sub- 
scales:  numbers  and  operations;  measurement:  geometry:  data  analy- 
sis, statistics,  and  probability;  and  algebra  and  functions  (fn^  1991a). 
To  help  interpret  the  (KS(K)  point  scale,  NAKP  developed  characteriza- 
tions of  two  scales— the  1990  mathematics  scale  and  the  trend  scale— 
using  proficiency  levels  which  represent  five  anchor  points  on  the  .300- 
point  scale  (Research.  Evaluation,  and  Dissemination  Division  1993). 
The  discussions  in  this  chapter  refer  to  the  trend  scale.  'Hie  anchor 
descriptions  can  be  found  in  appendix  table  MO. 

'Hie  science  scale  was  computed  using  a  weighted  composite  of  profi- 
ciency in  the  following  four  content  area  subscales:  life  sciences,  physi- 
cal sciences,  earth  and  spice  sciences,  and  nature  of  science  (NCKS 
1992e).  To  help  interpret  the  0  to  500  point  scale  for  science.  NAKP 
developed  descriptions  associated  with  each  level  that  can  be  used  as 
guides  to  performances  typical  of  students  at  each  level.  The  descrii> 
lions  of  these  anchor  points  can  be  found  in  appendbc  table  M2. 
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Student  Motivation  and  NAEP  Achievement 


Because  the  NAEP  tests  are  "low-stakes  tests,"  some 
researchers  have  argued  that  the  results  do  not  yield 
an  accurate  picture  of  students'  academic  achieve- 
ment. The  1992  NAEP  mathematics  assessment  added 
a  section  of  foUowup  questions  to  try  to  detennine  stu- 
dent motivation  for  doing  well  on  the  test.  (See  figure 
1-1.)  In  general,  the  data  collected  indicate  that  the 
scores  of  older  students  should  be  viewed  with  some 
caution,  but  overall  the  impact  of  any  lack  of  motiva- 
tion of  NAEP  test  scores  remains  unknown. 

Nearly  half  (45  percent)  of  grade  12  students  and  20 
percent  of  grade  8  students  reported  that  tliey  did  not 
try  as  hard  on  the  math  NAEP  test  as  they  did  on  other 
math  tests  taken  in  school  that  year.  In  contrast,  only  10 
percent  of  grade  4  students  reported  not  trying  as  hard. 
Similarly,  31  percent  of  grade  12  students  and  13  per- 
cent of  grade  8  students  reported  that  it  was  not  very 
important  for  them  to  perfomi  well  on  the  test,  while 
only  4  percent  of  grade  4  students  felt  the  same  way. 

Thus,  a  significant  number  of  older  students  may  not 
be  motivated  to  do  well  on  tests  like  NAEP,  and  their 
scores  may  reflect  this  lack  of  motivation.  However, 
those  12th  grade  students  who  reported  that  they  did 
not  try  as  hard  on  the  NAEP  math  test  as  they  did  on 
other  math  tests  actually  scored  an  average  of  27  points 
higher  than  students  who  reported  that  they  tried 
much  harder  and  21  points  higher  than  studenti.  who 
reported  that  they  tried  harder  than  on  other  tests. 

Although  large  numbers  of  older  students  reported  a 
reduced  effort,  55  percent  of  grade  12  students,  79  per- 


cent of  grade  8  students,  and  90  percent  of  grade  4  stu- 
dents reported  that  they  tried  at  least  as  hard  or  harder 
on  the  NAEP  math  test  compared  with  other  math  tests 
taken  in  school.  Thus,  while  some  students  probably 
could  have  tried  harder  and  scored  higher,  the  majority 
of  students  reported  making  a  reasonable  effort. 


Figure  1-1, 

Students'  reported  effort  and  motivation  on  the 
NAEP  math  test 
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NOTE:  Students  were  asked  how  hard  they  tried  on  the  NAEP  math 
test  compared  to  other  math  tests  taken  that  year  m  school. 
They  were  also  asked  how  important  they  felt  it  was  to  perform  weli  on 
the  NAEP  math  test. 

See  appendix  tables  1-1  and 
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table  1-9)  fell  in  the  1970s,  then  began  to  rise  after  1977 
lor  students  at  ages  9  and  13.  By  1990,  the  average 
scores  of  students  in  both  of  these  aj?e  groups  had 
returned  to  their  1970  levels.  Scores  for  students  at  age 
17  continued  to  drop  until  1982— a  22-point  drop  over  the 
period— then  regained  some  ground.  Their  scores  in 
1990  remained  still  significantly  below  the  1970  level  (15 
points). 

Distributions  of  Average  Proficiency  Scores. 

Although  average  proficiency  scores  provide  an  overall 
picture  of  achievement  trends  since  1970  for  science  and 
since  1973  for  mathematics,  examining  the  trends  across 
the  distribution  of  students  provides  more  information. 

For  all  three  age  groups,  average  mathematics  profh 
ciency  scores  for  students  below  the  50th  percentile 
increased  significantly  more  than  for  students  above  the 
50th  percentile  between  1978  and  1990.  For  example,  at 
age  17,  the  average  for  students  in  the  5th  percentile 
increased  by  12  points  while  the  average  score  for  stu- 
dents in  the  95th  percentile  remained  constant  between 
^^'78  and  1990.  (See  figure  1-2.)  Tlie  differences  for  13- 
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year-old  students  are  more  dramatic.  'Ilie  average  score 
for  students  in  the  5th  percentile  increased  by  20  points 
while  the  scores  for  the  95th  percentile  decreased  by  7 
points  between  1978  and  1990.  The  differences  for  the 
youngest  students  are  not  as  large.  Tliese  trends  indi- 
cate that  the  differences  between  the  top  and  bottom  stu- 
dents are  narrowing  somewhat  (the  difference  remains 
at  102  points  for  13-  and  17-year-olds)  and  that  any 
increases  in  the  average  mathematics  proficiency  scores 
for  13-  and  17-year-old  students  are  occurring  among  stu- 
dents who  fall  below  the  50th  percentile.  The  gains  made 
by  these  students  may  be  attributable  to  the  past  focus 
oil  teaching  basic  skills. 

The  distributions  in  science  proficiency  scores  for  age  9 
and  age  13  students  are  similar  to  those  in  mathematics, 
but  the  trends  for  17-year-olds  break  the  pattern.  At  age 
9  and  13,  the  average  score  for  students  in  the  5th  per- 
centile increased  16  and  17  points,  respecfively.  Scores 
at  the  95th  percentile  experienced  little,  if  any,  change 
between  1977  and  1990.  The  average  scores  for  high 
school  students  (age  17)  moved  at  the  same  rate  across 
the  distribution;  the  average  score  at  each  percentile 
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Figure  1-2. 

Distribution  of  NAEP  test  scores:  Mathematics 
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decreased  until  1982,  then  slowly  reached  the  initial  1977 
level  by  1990.  (See  figure  1-3.) 

Proficiency  Levels.  Tlie  narp  trend  data  also  provide 
a  look  at  shifts  in  the  percentage  of  students  who  reach 
each  proficiency  level.  (See  appendix  tables  1-10  and  M2 
for  the  mathematics  and  science  proficiency  level  descrip- 


tions used  through  1990.)  In  mathematics,  students  at  age 
17  have  shifted  slightly  from  lower  to  higher  levels  of 
mathematics.  Between  1978  and  1990,  fewer  17-year-old 
students  scored  only  at  level  200  where  they  were  devel- 
oping an  understanding  of  addi  *  /n  and  subtraction;  a 
greater  percentage  of  students  demonstrated  proficiency 
in  the  use  of  decimals,  fi-actions,  percents.  geometric  fig- 
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Figure  1  -3. 

Distribution  of  NAEP  test  scores:  Science 
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ures,  and  graphs  flevel  300).  However,  the  percentage  of 
students  who  could  solve  problems  in  algebra  and  geome- 
try did  not  change  Oevel  350).  In  science,  no  real  shifts 
occurred.  (See  appendix  table  1-11.) 
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Trends  in  Achievement  by  Sex 

Mathematics  Proficiency  Scores.  Tlie  gap  between 
males  and  females  in  mathematics  scores  at  age  17,  nar- 
rowing since  1973,  has  disappeared.  (See  appendix  table 
1-9.)  Scores  for  both  males  and  females  at  this  age 
decreased  in  the  1970s  and  returned  to  the  1973  levels 
by  1990.  Since  1973,  no  gap  between  9-  and  13-year-old 
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males  and  females  has  existed  and  scores  lor  both  sexes 
have  increased.  Males  and  females  al  a^e  9  had  the 
Kreaiesi  ^ains  (approximately  10  points  each)  and  1:5- 
year-old  males  gained  6  points.  Only  l^-year-old  females 
made  no  real  improvement  over  the  197!^  scores. 

Science  Proficiency  Scores,  \n  science,  the  averaj^e 
proficiency  scores  for  both  sexes  followed  the  trends  of 
the  overall  population:  declines  in  the  ll)7()s  followed  by 
increases  in  the  198{)s.  A:  aj^e  both  males  and 
females  declined  in  the  1970s,  but  increased  in  the 
1980s;  for  both  sexes,  the  1990  scores  were  about  th(^ 
same  as  in  1970.  'Hie  ^ap  between  the  sexes  in  science 
has  been  maintained  since  1970  for  13-  and  17-year-()ld 
students;  only  at  age  9  is  there  no  such  j^ap.  Allhough 
females  have  made  plains  since  1982.  these  were  not  suf- 
ficient to  eliminate  the  score  difference  between  the 
sexes. 

Proficiency  Levels,  Males  at  a.t^e  17  have  experi- 
enced no  shifts  from  lower  to  higher  levels  of  achi(we- 
ment  in  mathematics,  but  at  age  Kj.  ihey  show  a  pro- 
ncumced  increase  (approximately  10  percentage  points) 
in  the  percentage  that  can  use  multiplicauon  and  division 
to  solve  problems  (level  250).  (See  appendix  tables  1-10 
and  1-11, )  A  larger  percentage  of  females  at  age  17  can 
use  fractions  and  decimals  (level  300)  than  could  in 
1978,  but  the  proportion  that  could  solve  algebra  and 
geometry  problems  (level  .')50)  did  not  change.  As  with 
the  males,  the  percentage  of  l^-y^-^^^i'-old  females  who  can 
use  multiplication  and  division  to  solve  problems  (level 
250)  increased  by  nearly  10  percent, 

hi  science,  neither  male  nor  female  17-year-()lds  expe- 
rienced shifts  from  lower  to  higher  levels  of  achievc^- 
ment,  (See  appendix  tables  1-12  and  1-1:5.)  However,  a 
greater  percentage  of  i:5-yea!  -olds  of  both  sc^xes  w(M-e 
able  to  apply  and  interpret  general  scientific  information 
(level  250).' 

Trends  in  Achievement  by  Race/Ethnicity 

Mathematics  Proficiency  Scores.  Trends  in  mathe- 
matics proficiency  scores  show  stability  for  white  stu- 
dents and  improvement  for  black  and  Hispanic  students. 
Scores  for  black  students  have  improved  significantly 
(about  20  points)  since  1973  for  students  at  ages  9, 
and  17.  Younger  Hispanic  students  (age  9  and  13)  and 
white  students  (age  9)  also  experienced  gains  in  their 
average  mathematics  proficiency  scores  while  scores  for 
the  older  students  remained  almost  constant. 

Science  Proficiency  Scores,  Tho  trends  in  science 
are  less  positive.  Scores  for  white  students  declined  for 
all  age  groups  until  1982,  then  rebounded  for  the 
younger  students  (ages  9  and  13).  Although  scores  for 
17-year-old  white  students  also  increased  after  1982, 
their  scores  remained  significantly  (11  points)  below  the 
1970  level.  Scores  for  black  and  Hispanic  students  at  age 
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17  also  declined  until  1982  but  returned  to  their  original 
level.  Only  younger  black  and  Hispanic  students  (age  9 
for  both  and  age  13  for  Hispanic)  experienced  real 
growth  over  the  1970*s  scores.  Although  the  average 
l)roficiency  scores  for  minority  17-year-old  students  have 
been  increasing  in  mathematics  and  have  returned  to  the 
1970  level  in  science,  the  gap  between  white  and  minori- 
ty students  in  both  subjects  remains  significant. 

Distributions  of  Average  Proficiency  Scores, 

Each  age  and  racial/ethnic  group — except  17-year-old 
Hispanics — has  experienced  a  narrowing  in  the  gap 
t)etween  the  highest  and  lowest  achieving  students  in 
ynathematics.  (See  figure  1-2.) 

The  most  striking  change  occurs  for  black  students. 
Blacks  have  large  increases  in  average  proficiency  over- 
all; this  increase  is  especially  noticeable  among  those 
students  below  the  50th  percentile.  Average  scores  for 
i;i-year-oid  black  students  at  the  5lri  percentile  increased 
by  32  points  since  1978,  while  scores  at  the  95th  per- 
centile showed  no  noticeable  improvement  (after 
accounting  for  standard  error).  For  black  students  at 
ages  9  and  17,  the  differences  in  gains  between  the  5th 
and  95th  percentiles  were  approximately  1 1  points  each. 

Scores  for  white  students  of  all  ages  at  the  5th  per- 
centile also  grew  more  rapidly  than  scores  for  those  at 
the  95th  percentile.  The  most  noteworthy  example  of 
this  is  for  13-year-olds,  whose  scores  for  the  5th  per- 
centile increased  t)y  16  points,  compared  to  a  7-point 
decrease  for  students  at  the  95th  percentile. 

The  scores  for  Hispanic  students  varied  little  at  age 
17,  with  more  striking  gains  for  the  9-  and  13-year-old 
age  groups.  Tlie  difference  in  gains  betAveen  the  5th  and 
95th  percentile  for  Hispanic  9-year-olds  was  15  points;  it 
was  19  points  for  i:3-year-olds. 

In  science,  as  in  mathematics,  the  most  striking 
changes  were  for  KVyear-old  students.  (See  figure  1-3,) 
For  black  and  Hispanic  students,  the  gains  for  students 
at  the  5th  and  25th  percendles  were  the  largest  (2(5  and 
21  points,  respectively,  for  blacks;  and  27  and  20  points, 
respectively,  for  Hispanics),  compared  to  no  gains  at  the 
95th  percentile  and  smaller  gains  (14  and  16  points, 
respectively)  at  the  75th  percentile.  '  White  students 
made  large  gains  at  the  5th  (18  points)  and  25th  per- 
centiles (12  points)— particularly  when  taking  into  con- 
sideradon  that  there  was  only  a  4-point  gain  at  the  75th 
percentile  and  no  real  movement  at  the  95th  percentile. 
Tlie  differences  in  the  gains  for  top  and  bottom  students 
at  age  9  were  also  noteworthy,  but  the  17-year-old  white 
and  Hispanic  students  experienced  no  real  change  at 
any  level  in  the  distribudon.  Black  17-year-olds  did  not 


.Mthoii^h  there  ii,)pcars  lo  be  an  ^\)o\nl  iiinn  for  blacks  and  a  12- 
poinl  ^rain  for  Hispanics  al  (he  95lh  percentile,  the  standard  errors  aro 
sutTicieniiy  large  to  prevent  reporting  these  as  real  gains. 
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t'xhibil  this  trend:  Their  scores  improved  only  ai  llie 
50th  and  i  .5th  percentiles." 

Proficiency  Levels.  Some  shifts  from  lower  to  hi^'her 
levels  of  proficiency  are  apparent  when  examining  the 
l)ercenta|i:e  of  students  reaching  each  level  of  proficien- 
cy. (See  appendix  tables  1-10,  Ml.  M2,  and  1-13.)  In 
matliematics,  13-  and  17-year-old  black  students  have 
experienced  the  largest  shifts  from  accomplishing  the 
basic  mathematics  tasks  to  accomplishing  more  interme- 
diate tasks.  The  percentage  of  13-year-old  black  students 
who  can  use  multiplication  and  division  lo  solve  prob- 
lems (level  250)  increased  froiii  26  percent  in  1978  to  45 
percent  in  1990,  and  the  number  of  17-ycar-olds  who  can 
do  the  same  increased  by  5  percent.  In  addition.  15  per- 
cent more  17-year-old  black  students  demonstrated  profi- 
ciency in  the  use  of  decimals,  fractions,  percents.  geo- 
metric figures,  and  graphs  (level  300)  compared  to  ()  per- 
cent more  white  students.  The  number  of  13-year-ol(l 
white  and  Hispanic  students  who  can  use  multiplication 
and  division  to  solve  problems  (level  250)  increased  by 
U)  and  18  points,  respectively. 

Ketlccting  the  trends  of  the  overall  population,  shifts 
in  science  were  minimal  at  age  17.  Slightly  more  black 
students  were  able  to  apply  and  interpret  general  scien- 
tific information  (level  250);  white  and  Hispanic  students 
experienced  no  shifts.  Tlie  percentages  of  Hispanic  and 
black  students  who  have  the  scientific  knowledge  to  inte- 
grate scientific  information  and  draw  conclusions  (level 
350)  remained  low.  At  age  13.  the  shifts  to  higher  levels 
of  achievement  were  more  i)ronounced:  Each  racial/eth- 
nic group  had  a  real  shift  in  the  percentage  of  students 
who  could  understand  and  apply  general  information 
from  life  and  physical  sciences  (level  250). 

Mathematics  Achievement  in  1992 

Proficiency  Versus  Achievement  Levels.  The  find- 
ings from  the  1992  mathematics  NAKP  used  some  of  the 
same  assessment  items  as  were  used  in  1990  to  allow  for 
measuring  trends;  additional  assessment  items  were  also 
developed  to  reflect  improvements  in  the  methods  of 
assessing  mathematical  achievement.'  Specifically,  the 
1992  assessment  was  expanded  to  include  geometric 
manipulatives  and  questions  requiring  students  to 
demonstrate— through  writing  and  diagrams— their 
mathematical  reasoning  and  problem-solving  abilities. 
The  1992  definition  of  proficiency  at  each  anchor  level 
reflects  this  change  in  the  assessment.  (See  appendix 
table  1-14.) 

Data  from  the  1992  mathematics  NAKP  have  also  been 
analyzed  in  terms  of  newly  established  "achievement  lev- 
els," or  standards  of  student  performance  (NXES  1993d). 


The  proficiency  levels  (in  appendix  table  1-14)  describe 
what  students  know  and  can  do;  the  achievement  levels 
describe  what  students  slwuld  know  and  slwuld  be  able 
to  do  (NCICS  1993c).  The  achievement  levels  were  created 
by  the  National  Assessment  (loverning  Board  in  an 
attempt  to  characterize  the  student  perfomiance  needed 
to  attain  basic,  proficient  ("solid  academic  achieve- 
ment"), or  advanced  levels  at  grades  4.  8.  and  12  (NCICS 
1993d).  These  levels  are  defined  for  each  grade  level  in 
appendix  tables  1-15. 1-1(5.  and  1-17. 

Overvievi/  of  1992  Achievement  Overall,  average 
student  proficiency  increased  at  each  grade  level  by  5 
points  between  1990  and  1992.  The  proportion  of  4th 
grade  students  who  performed  at  or  above  level  200 
(addition,  subtraction,  and  simple  problem  solving)  and 
level  250  (multiplication,  division,  and  simple  measure- 
ment) increased  by  5  percentage  points;  the  percentage 
oi  8th  grade  students  who  performed  at  or  above  level 
300  (fractions,  decimals,  and  percents)  increased  by  5 
percentage  points;  and  the  percentage  of  12th  grade  stu- 
dents who  performed  at  or  above  levels  250  and  300 
increased  by  3  and  5  percentage  points,  respectively.  No 
real  movement  occurred  at  the  more  advanced  proficien- 
cy levels.  (See  appendix  table  1-14.) 

In  terms  oi  achievement  levels,  the  number  of  students 
who  scored  below  the  basic  level  in  1990  declined  by  at 
least  5  percentage  points  at  each  grade.  Concurrently, 
the  percentage  of  students  in  4th  and  12th  grades  who 
achieved  the  basic — and  in  all  grades  who  achieved  the 
proficient  level — increased.  There  was  no  change 
between  1990  and  1992  in  the  proportion  of  students 
who  reached  the  advanced  level.  (See  text  table  1-1.) 

Achievement  by  Sex,  Mathematics  performance  by 
both  male  and  female  students  at  all  grades  increased  by 
4  to  6  points  over  the  1990  scores.  'Hiese  increases  do 
not  reflect  an  increase  in  the  percentage  of  students 
reaching  the  advanced  level.  Tliere  was  no  movement  in 
the  percentage  of  12th  grade  male  or  female  students 
who  reached  any  of  the  achievement  levels.  Eighth 
grade  females  and  fourth  grade  males  experienced  an 
increase  in  the  percent  of  students  reaching  the  profi- 
cient level,  and  fourth  grade  males  and  females  experi- 
enced an  increase  in  the  percent  who  reached  the  basic 
level.  (See  figure  1-4.) 

A  difference  by  sex  for  grade  12  does  exist,  with  male 
students  scoring  higher  than  females.  This  difference 
does  not  extend  to  grades  4  or  8.  More  12th  grade  males 
than  females  are  reaching  the  advanced  and  proficient 
levels,  but  about  the  same  percentages  of  4th  and  8th 
grade  males  and  females  are  reaching  the  proficient 
level. 


:\lthouKii  there  appear  to  be  large  gains  at  the  5lli.  ^Slh.  and  95lh 
percentiles,  the  standard  errors  are  sufficiently  iarge  to  prevent  rcpon- 
O    ig  these  as  real  gains. 
|^(]]"  The  1992  NAKP  was  released  in  April  1993. 
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Achievement  by  Race/Ethnicity,  The  average  profi- 
ciency scores  for  white  students  increased  in  all  grades, 
and  the  percentage  of  whites  reaching  or  surpassing 
basic  and  proficient  levels  increased  for  grades  4  and  8. 
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Text  table  1-1. 

National  average  mathematics  proficiency  score  and  achievement  levels,  by  grade 


Achievement  level' 

Grade  Average  score         Advanced         Proficient  Basic  Below  basic 

 Percent  


4 

  1990  

 213 

1 

12 

41 

46 

1992  

 218 

2 

16 

43 

39 

a 

  1990  

 263 

2 

18 

38 

42 

1992  

 268 

4 

21 

38 

37 

12          .  . 

  1990  

 294 

2 

11 

46 

41 

1992  

 299 

2 

14 

48 

36 

Data  are  {or  the  percentage  wt^o  reached  but  did  not  surpass  the  given  level. 

See  appendix  tables  1  - 1 5,  1  - 1 6,  and  1-17.  Science  &  Engineering  Indicators  -  1993 


Minorities,  on  the  other  hand,  experienced  fewer  ^^ains: 
111  U\r{,  liiere  was  no  real  difference  at  all  in  minorities' 
proliciency  scores  or  achievement  levels  for  grades  4 
;ind  ^.  However,  there  was  a  significant  increase  at  grade 
1-  in  avera.irc  proficiency  scores  for  Hispanic  and  black 
students:  those*  increased  7  points  each. 

Few  students  from  any  racial/ethnic  group  reached 
the  advanced  level  of  achievement,  but  larger  percent- 
aKes  of  Asians  and  whites  reached  this  level  than  of  stu- 
dents in  the  other  racial/ethnic  groups.  Although  Asians 
and  whites  also  reached  the  proficient  level  in  greater 
numbers  than  did  the  other  students,  only  among  eighth 
grade  Asians  did  the  proportion  of  students  scoring  at 
liiis  level  rise  above  one-third.  Relatively  few  (under  10 
ptTcenl)  of  the  students  in  the  other  racial/ethnic 
L;rouj)s  n^ached  the  protlcient  achievement  level  while 
over  .")0  percent  of  these  students  scored  below  the  basic 
leveL  (See  appendix  tables  145,  M6,  and  147.) 

Student  Persistence  in  Math  and  Science  Courses^ 

Several  studies  have  demonstrated  a  strong  correla- 
tion between  achieveint^nt  scores  and  the  number  and 
lev(»l  of  courses  taken.  This  correlation  holds  particularly 
inie  lor  science  and  math:  The  greater  the  number  and 
the  more  advanced  level  of  mathematics  and  science 


ihr  H.iia  ill  iln^  s«-c  ti()n  art'  lakeii  from  the  b)nRitudinal  Study  i)( 
\Mi(*n(  aii  Youth  {\,^\\)  and  the  National  Kdiicalion  b)n^Mtudinal  Study 
•  ,i  l<ts.s  (\i  i.s,s,s).  Px'^nnnintr  in  fall  1987.  LVvY  has  collected  data  from 
.ipproxuiiaiely  -i.OtKi  7th  and  :U)(K)  10th  grade  students  regardinK  their 
voience  and  niatheniatics  attitudes,  achievement,  and  career  plans.  In 
.uldititjn  tc  ^uident  achievement  tests  and  attitudinal  questionnaires, 
.iitonit.iijnn  has  been  collected  each  year  irom  each  student's  ntathe- 
niatics  and  science  teachers  and  from  one*  parent.  NKl.s:88  surveyed 
J 1. .V.HI  sluflcnls  in  urade  «  and  their  parents,  teachers,  and  school 
.idinmiMrators.  lite  sUidents  were  administered  tests  of  their  knowl- 
rd^je  ot  eiK'hlh  f^rade  science  and  inathematics  and  other  subjects.  'Hie 
sunpied  Mibjccls  are  beinR  lollowed  every  2  years  through  college  and 
Ix  voml  Ut  learn  about  their  progress  in  school,  their  aspirations^  their 
.  mplovtneni.  and  lactors  that  alfccl  their  ability  to  complete  their  edu- 
i  ation. 


Figure  1-4. 

Average  achievement  levels  on  the  NAEP 
math  test:  1992 


Grade  4 


Grade  8 


Grade  12 


ri  Below  basic 
Bl  Basic 

See  appendix  tables  1-15  to  1-17. 


I  I  Proficient 
I   I  Advanced 
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classes  a  student  takes  equates — on  average — to  higher 
scores  on  achievement  tests.  (See  figure  1-5,)  However, 
data  from  the  NELS:88  first  followup  indicate  that  more 
advanced  levels  of  coursetaking  in  mathematics  may  not 
always  correlate  to  higher  achievement  levels.  (See 
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Math  Coursetaking  and  Achievement:  New  Findings  From  NELS:88 


Findings  from  the  NEliiiSS  first  followup  survey  indi- 
cate that  advanced  classes  will  only  lead  to  improved 
achievement  scores 

♦  if  students  have  a  strong  mathematical  background, 
or 

♦  if  students  are  taking  courses  appropriate  to  their 
level  of  proficiency. 

More  specifically,  the  data'  show  that  students  who 
were  not  proficient  at  decimals,  fractions^  and  roots  in 
the  8th  grade  were  equally  likely  by  the  10th  grade  to 
be  proficient  on  these  items  and  on  simple  and  com- 
plex problem  solving  regardless  of  whether  they  took 
geometry,  algebra  II  trigonometry  or  precalculus. 
Additionally,  students  who  took  these  courses  were 
five  times  more  likely  to  be  proficient  in  simple  and 
complex  problem  solving  than  those  who  took  only 
algebra  I.  On  the  other  hand,  students  who  were 
already  proficient  in  simple  problem  solving  in  the 
eighth  grade  were  significantly  more  likely  to  be  profi- 
cient in  advanced  problem  solving  if  they  took 
trigonometry  than  if  they  took  algebra  L  geometry 
and/or  algebra  IL  (See  figure  1-5.) 


•Data  on  coursetaking  is  based  on  student  reports  of  their  course- 
taking  patterns.  Some  students  may  have  misrepresented  the  cours- 
es they  have  taken  due,  in  part,  to  chan^'es  in  schedule,  falling  the 
course,  or  different  course  names. 


Figure  1-5. 

Percentage  of  10th  grade  students  who  are 
proficient  at  complex  problem  solving,  by  8th 
grade  proficiency  assessment  and  courses  taken 

Percentage  of  10th  graders  proficient  at  complex  problem  solving 
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SOURCE:  National  Center  for  Education  Statistics.  Changes  in  Math 
Proficiency  Between  8th  and  10th  grades  (Washington.  DC: 
Department  of  Education,  forthcoming). 

Science  &  Engineering  indicators  -  1993 


"Math  Coursetaking  and  Achievement:  New  Findings 
FromNELS:88;') 

According  to  the  High  School  and  Beyond  Study  of 
1986/"  mathematics  was  the  subject  most  sensitive  to 
school  completion  and  further  coursetaking  (Secada 
1992).  And,  according  to  the  1990  High  School  Transcript 
Study  conducted  by  the  iNational  Center  for  Education 
Statistics,  more  students  were  taking  more  advanced 
courses  in  1990  than    1982.  (See  text  table  1-2.) 

According  to  a  recent  College  Board  study,  geometry, 
the  "gatekeeper"  for  college  enrollment,  was  completed 
by  93  percent  of  college-bound  seniors  (NCES  1992b)- 
However,  of  both  college-  and  noncollege-bound  seniors, 
approximately  two-thirds  completed  a  geometry  course 


ERIC 


"ITie  High  School  and  Beyond  Study  is  a  national  longitudinal  sur- 
vey conducted  by  the  Natiorial  Center  for  Kducation  Statistics  to  cat> 
ture  changes  in  educational  conditions,  federal  and  state  programs, 
students'  school  experiences,  and  future  educational  and  occupational 
goals  and  plans.  The  study  began  in  1980  with  a  total  of  58.270  stu- 
dents in  grades  10  and  12:  four  followitp  studies  (in  1982,  1984.  1986. 
and  1992)  were  subsequently  completed.  Survey  instruments  included 
^  udent  questionnaires  with  cognitive  tests,  school  administrator  and 
'"irent  questionnaires,  and  a  teacher  comment  checklist. 


or  above.  Data  from  the  1990  SMi?  indicated  that,  nation- 
ally, 67  percent  of  17-year-o!ds  had  taken  geometry  or 
higher  and  fewer  than  10  percent  reported  that  they  had 
taken  precalculus  or  calculus  (NCES  1992b).  Findings 
from  the  1990  High  School  Transcript  Study  corroborate 
these  findings, 

Tliere  is  little  difference  between  the  percentages  of 
white  and  black  17-year-old  students  who  are  taking 
these  more  advanced  mathematics  courses,  and  signifi- 
cantly fev^er  Hispanic  students  take  the  courses. 
Approximately  two-thirds  of  white  and  black  students 
have  taken  geometry  or  higher,  compared  to  just  over 
half  of  Hispanic  students.  However,  the  average  achieve- 
ment scores  for  white  students  are  significantly  (over  20 
points)  above  both  black  and  Hispanic  students'  average 
achievement  scores.  This  may  be  due  to  the  fact  that 
white  students  are  placed  in  higher  level  mathematics 
classes  while  in  the  middle  schools  so  they  have  more 
opportunity  to  develop  a  strong  background  in  mathe- 
matics. According  to  NEli;:88  data,  eighth  grade  minori- 
ty students  were  placed  in  lower  level  mathematics 
classes  at  a  rate  much  higher  than  their  white  peers. 
p"^or  example,  black  and  Hispanic  eighth  grade  students 
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Text  table  1-2. 

Trends  in  mathematics  coursetaking 

Student  enrollment 

Course                           1982           ■:987  1990 

 Pe  rce  nt  

Algebra  1                           65             76  77 

Algebra  II                         35             47  49 

Geometry                         46             61  65 

Calculus                            5              6  7 


SOURCE:  National  Center  for  Education  Statistics.  1990  High  School 
Transcript  Study.  January  1993. 
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Text  table  1-  . 

Trends  in  science  coursetaking 


Student  enrollment 
Course  1982  1987  1990 

  Percent   

Biology                            75               88  92 

Chemistry                         31               45  50 

Physics                            14               20  21 


NOTE:  Data  represent  percentage  of  17-year-old  students  who  have 
studied  these  subjects  for  1  year  or  more. 

SOURCE:  National  Center  for  Education  Statistics.  1990  High  School 
Transcript  Study,  January  1993. 
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were  nearly  twice  as  likely  as  white  students  to  be  placed 
in  remedial  mathematics  classes  (NCI-:s  19920. 

In  science,  enrollments  in  biology  increased  between 
1982  and  1990  by  17  and  19  percent  in  chemistrv\  Ninety- 
tW'O  percent  of  graduates  had  taken  biology,  while  50 
percent  had  taken  chemistry.  However,  only  21  percent 
of  graduates  took  physics.  (See  text  table  1-3.)  The 
coursetaking  patterns  differ  little  by  sex,  but  there  are 
differences  by  race/ethnicity.  Only  in  physics  does  the 
pattern  differ  for  males  and  females;  a  greater  proportion 
of  males  than  females  have  taken  physics  (25  and  18  per- 
cent, respectively).  Asian  graduates  have  taken  chem- 
istry and  physics  at  a  much  higher  rate  than  their  coun- 
terparts (64  percent  of  Asians  took  chemistry,  and  38 
percent  took  physics).  Tliese  were  followed  by  white  stu- 
dents (52  percent  of  whom  took  chemistry,  and  23  per- 
cent of  v/hom  took  physics).  Approximately  40  percent  of 
black  and  Hispanic  students  have  taken  chemistry  by 
graduation,  and  fewer  than  15  percent  have  taken 
physics. 

Student  Attitudes  Toward  Math  and  Science 

Student  attitudes  toward  mathematics  and  science — 
and  their  understanding  of  the  relevance  of  these  sub- 
jects to  their  future  aspirations — affect  students'  enthusi- 
asm for  studying  math  and  science,  and  help  determine 
whether  they  will  continue  on  to  more  advanced  studies 
in  these  fields.  (For  a  new  perspective  on  this  issue,  see 
"Student  SME  Intentions  Change  Over  Time.")  In  addi- 
tion, counseling  from  teachers  can  determine  whether 
students  will  take  the  more  advanced  courses. 

One  explanation  of  why  so  few  students  are  taking 
advanced  courses  in  science  and  math  may  be  the  low  lev- 
els of  students  who  think  these  courses  are  necessary  for 
their  planned  careers.  Relatively  few  students  seem  to 
understand  the  relationship  bet\veen  advanced  math  and 
science  courses  and  careers  in  science,  engineering,  or 
the  health  professions.  Data  from  the  Longitudinal  Study 
of  American  Youth  (LSAY)  show  that  in  1990,  28  percent  of 
all  seniors  who  were  not  enrolled  in  a  mathematics  or  sci- 
i/^"?nce  course  that  semester  did  not  feel  that  they  needed 


advanced  mathemadcs  for  what  they  plan  to  do  in  the 
future,  and  39  percent  of  these  seniors  said  they  would 
not  need  advanced  science."  In  addition,  approximately  30 
percent  of  these  students  were  advised  by  teachers  and 
counselors  that  they  did  not  need  to  take  any  more  matlie- 
maticsor  science. 

Even  among  students  who  expect  to  become  scien- 
tists, the  proportion  who  believe  that  advanced  mathe- 
matics or  science  is  necessary  to  their  careers  is  below 
75  percent.  Of  those  12th  grade  students  who  plan  to 
become  scientists,  less  than  two-thirds  said  they  needed 
specific  advanced  mathematics  and  science  courses  in 
high  school.  Slightly  more  students  who  planned  to 
become  engineers  knew  they  needed  the  advanced 
mathematics  and  science  courses.  (See  text  table  1-4.) 

Between  1978  and  1990,  student  beliefs  regarding  the 
relevance  of  mathematics  and  science  coursework  to  their 
lives  and  careers  changed  only  slighdy.  (See  text  table 
1-5.)  Tlie  proportion  of  17-year-old  students  indicafinp  that 
they  would  like  to  take  more  mathematics  classes 
remained  constant  during  this  period,  as  did  the  propor- 
don  of  17-year-olds  who  felt  they  were  good  at  this  sub- 
ject. Interestingly,  among  13-year-olds,  the  proportion  that 
wanted  to  take  more  math  classes  decreased  by  7  percent, 
W'hile  the  proportion  that  felt  they  were  good  at  math 
increased  by  6  percent  (ETS  1991).  The  percentage  of  stu- 
dents indicafing  that  they  were  taking  mathematics  "only 
because  I  have  to"  stayed  the  same  for  both  age  groups 
from  1978  to  1990.  In  science,  over  half  of  the  17-year-olds 
surveyed  felt  that  what  they  learned  in  science  classes  is 
useful  in  everyday  life;  nearly  two-thirds  felt  that  w^hat 
they  learned  in  science  classes  will  be  useful  in  the  future, 
lliese  numbers  were  constant  from  1978  to  1990. 

Yet  student  attitudes  toward  mathematics  and  science 
are  generally  positive.  The  LSAV  data  indicate  that  most 
students  enjoy  studying  mathematics  and  science  as 
much  as  they  do  studying  English  and  social  studies. 
Students  at  all  levels  of  coursework  and  achievement 


See  appendix  tables  li-15  and  2-16  for  more  information  on  tliis 
point. 
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Student  SME  Intentions  Change  Over  Time 


Educators  have  long  assumed  that  college  students 
who  major  in  science,  mathematics,  or  engineering 
(SME)  are  made  up  of  a  core  ot  students  who  became 
interested  in  these  fields  early  on.  However,  data 
drawn  from  the  1^86  third  followup  of  the  High  School 
and  Beyond  1980  sophomore  cohort  suggest  that  com- 
paratively few  students  stay  with  their  early  interests. 
(See  figure  1-6.)  Only  18  percent  of  the  high  school 
sophomores  who  said  in  1980  that  they  planned  an 
SME  major  remained  in  SME  by  1986.  (Students  who 
were  sophomores  in  1980  would,  presumably,  be  col- 
lege seniors  by  1986  if  they  continued  directly  from 
high  school  through  college.)  Thus,  82  percent  of  SME 
Figure  1-6. 

Percentage  of  1980  high  school  sophomores  who 
whether  they  had  plans  to  enter  SME  as  their  field 
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majors  had  different  plans  as  high  school  sophomores 
or  changed  their  minds  several  times  during  their  aca- 
demic careers.  Nearly  60  percent  of  those  who  eventu- 
ally went  on  to  major  in  SME  had  no  plans  to  do  so 
when  they  were  high  school  sophomores.  Indeed, 
nearly  as  many  students  decided  to  major  in  SME  after 
their  sophomore  year  of  college  as  stayed  with  a  deci- 
sion to  major  in  SME  as  high  school  sophomores.  This 
finding  suggests  that  educators  concerned  about  the 
development  of  engineers,  mathematicians,  and  scien- 
tists for  the  future  need  to  look  to  other  fields  and  help 
smooth  the  transition  of  students  from  one  major  to 
another. 

indicated  in  1980, 1982, 1984,  and  1986 
of  study 


1980 

High  school 
sophomores 


1982 


1984 


1988 


.-^^  ^  Don't  plan  to  -,J^ 
study  SME  ^ 


Percent  of  1980  high  school 
sophomores  planning  to  study  SME: 


13.3% 


8.9% 


6.7% 


*  Assumes  that  students  continued  their  euucation  without  a  gap. 
NOTE:  SME  =  Science,  mathematics,  or  engineenng. 

SOURCE:  T.  B.  Hotter.  -Career  Choice  Models  Based  on  the  High  School  and  Beyond."  paper  presented  at  the  annual  meeting  of  the 
American  Educational  Research  Associeition,  Apnl  1993. 
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Text  table  1-4. 

High  school  seniors  who  feel  they  need  advanced 
mathematics  and  science  courses  for  a  planned 
career  In  science  or  engineering 

Planning  a  career  in 
Course  Science  Engineering 

 Percent  

Algebra   57  72 

Geometry   49  71 

Trigonometry   66  74 

Calculus   52  78 

Biology   59  26 

Chemistry   57  58 

Physics   63  81 

SOURCES:  J.  D.  Miller,  el  al..  Longitudinal  Study  of  American  Youth 
Codebook  (Dekalb.  IL:  Social  Science  Research  Institute.  Northern 
Illinois  University.  1992);  and  unpublished  tabulations. 
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Trends  Among  Higher  Achieving  Students: 
SAT  Scores 

The  Scholastic  Aptitude  Test  is  taken  by  many  college- 
bound  seniors:  as  such,  it  measures  the  mathematics 
and  verbal  skills  of  the  Nation's  high-achieving  students. 
The  SAT  is.  however,  a  rather  limited  indicator  of 
achievement.  It  measures  a  narrow  range  of  academical- 
ly oriented  skills,  does  not  test  a  national  sample  of  stu- 
dents, and  has  been  accused  of  being  racially  and  sexual- 
ly biased.  Also,  it  is  a  multiple  choice  test;  later  in  this 
chapter,  the  utility  of  such  tests  is  challenged.  (See 
"Improvements  in  Assessing  Achievement.")  Despite 
these  concerns,  the  SAT  scores  have  been  shown  to  be  a 
good  predictor  of  students'  college  success.  Test  scores 
are  better  at  predicting  academic  success  at  selective 
universities  than  any  other  criteria  (Klitgaard  1984).  SAT 
results  are  particularly  useful  predictors  of  success 
because  they  allow  for  examination  of  the  full  distribu- 
tion of  test-takers,  as  well  as  by  such  factors  as  race,  sex, 
and  socioeconomic  status. 


Text  table  1-5. 

Student  attitudes  toward  mathematics  and  science 

Agree  or  strongly  agree 

Statement  Age  13    Age  17 

—  Percent — 

I  would  like  to  take  more  1 978   50  39 

mathematics.  1990   43*  37 

I  am  taking  mathematics  1978   29  27 

only  because  I  have  to.  1 990   28  27 

I  am  good  at  mathematics.        1978              65  54 

1990               71*  58 

Much  of  what  you  learn 

in  science  classes  is  useful        1977              58  53 

in  everyday  life.                     1 990              52*  52 

Much  of  what  you  learn  in 

science  classes  will  be  1977   75  65 

useful  in  the  future.  1 990   72  66 

NOTE:  '=  statistically  significant  difference  between  1977/78  and  1990. 
SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Progress 
(Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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find  mathematics  and  science  courses  to  be  much  more 
challenging  than  English  or  social  studies  courses.  The 
NELS:88  data  show  that  over  half  (57  percent)  of  eighth 
grade  students  look  forward  to  mathematics  class,  and 
63  percent  look  forward  to  science  class.  Nearly  90  per- 
cent of  these  eighth  graders  felt  that  mathematics  is 
important  to  their  future,  and  70  percent  felt  that  science 
is  important  to  their  future. 


Scores  by  Sex,  In  1992,  more  females  than  males 
took  the  SAT;  however,  the  mean  score  for  males  was  43 
points  higher  than  that  for  females.  (See  figure  1-7.)  In 
addition,  females  are  undeirepresented  among  the  high- 
est scorers.  While  24  percent  of  males  scored  at  or  above 
600  on  the  math  SAT,  only  13  percent  of  women  scored 
that  high.  At  first  glance,  this  gap  seems  inconsistent 
with  the  smaller  gaps  found  in  the  by-sex  comparisons. 
In  part»  this  difference  may  stem  from  the  very  nature  of 
the  tests  themselves:  NAEP  identifies  trends  in  academic 
progress,  while  the  SAT  predicts  college  performance. 


Figure  1-7, 

Distribution  of  math  SAT  scores,  by  sex:  1992 
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More  iinponantly,  N.^P  does  not  ask  questions  requir- 
advanced  mathematics  skills  and  therefore  does  not 
differentiate  among  the  highest  achieving  students,  llie 
SAT  requires  more  advanced  skills,  but  is  still  somewhat 
limited  in  its  ability  to  disaggregate  the  highest  scorers. 

Although  strong  gains  were  evident  in  the  NAKP  math- 
ematics scores  and  the  sex  gap  seems  to  be  closing,  the 
significant  gap  among  the  highest  scorers  suggests  that 
much  more  needs  to  be  done  if  the  full  potential  of  half 
of  the  population  is  to  be  tapped. 

Scores  by  Race/Ethnicity.  While  the  gap  in  the  SA'f 

mathematics  scores  between  males  and  females  is  signif- 
icant, the  gap  between  whites  and  Asians  on  the  one 
hand,  and  blacks,  Mexican  Americans,  Latin  Americans, 
Puerto  Ricans,  and  Native  Americans  on  the  other  hand, 
is  very  large.  A  high  percentage  of  Asian  students  scored 
extremely  well  on  the  math  SAT  in  1992.  Black  test-takers 
did  not  score  particularly  well  as  a  group,  with  small 
numbers  of  high  scorers  and  large  numbers  of  low  scor- 
ers. White  lest-takers'  overall  scores  fell  in  between 
those  of  Asians  and  blacks. 

F'igure  1-8  shows  &-year  trends  in  the  distribution  of 
SAT  math  scores  and  changes  in  the  number  of  test-tak- 
ers for  each  racial/ethnic  group.  In  the  case  of  whites, 
there  was  an  overall  decline  in  the  number  of  test-takers 


and  some  declines  in  the  proportion  scoring  between 
250  and  450,  as  well  as  those  scoring  bet^veen  550  and 
650.  By  contrast,  the  number  of  black  test-takers 
increased,  as  did  the  number  scoring  between  300  and 
500.  Although  the  overall  performance  of  blacks  has 
improved,  there  has  been  little  progress  made  toward 
raising  the  number  of  high-scoring  blacks. 

Asians  not  only  outscored  all  other  groups  on  the 
mathematics  SAT  from  1987  through  1992,  they  are  also 
widening  the  gap  between  themselves  and  all  other 
groups.  More  Asians  are  taking  the  test  and  are  scoring 
at  the  highest  levels.  Indeed,  the  proportion  of  Asians 
scoring  750  or  more  almost  doubled  during  the  period, 
rising  from  3  to  5  percent.  At  the  same  time,  the  percent- 
age of  Asians  scoring  below  450  dropped  from  30  per- 
cent in  1987  to  27  percent  in  1992. 

Mexican  Americans,  Latin  Americans,  and  Puerto 
Ricans  all  had  increases  in  the  number  of  test-takers. 
While  all  three  groups  continue  to  lag  behind  the  nation- 
al average,  Latin  Americans  and  Mexican  Americans 
scored  better  than  Puerto  l^cans. 

The  decline  in  the  number  of  Native  Americans  taking 
the  SAT  is  of  particular  concern  and  warrants  further 
investigation. 

In  comparing  scores  among  the  highest  scoring  stu- 
dents in  each  racial/ethnic  group,  certain  patterns 


Figure  1-8. 

Distribution  of  SAT  math  scores,  by  race/ethnicity 
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emerge.  (See  ll.G^ure  1-9.)  I^arge  ^?aps  exist  between  non- 
Asian  minorities  and  whites;  another  ^?ap  is  growing 
between  Asians  and  all  other  groups.  C^iven  the  Nation's 
ongoing  demographic  changes,  these  gaps  among  the 
highest  scorers  have  important  consequences  for  the 
pool  of  future  U.S.  scientists  and  engineers. 

The  total  number  of  Asians  scoring  at  high  levels  on 
the  math  SAT  has  increased  dramatically— .Asians  have 
had  a  46-percent  increase  in  the  number  of  students 
scoring  above  600  on  the  mathematics  SAT  since  1987. 
By  contrast,  blacks  had  a  22-percent  increase,  and  whites 
a  16-percent  decrease,  in  the  total  number  of  test-takers 
scoring  above  600.  However,  the  slight  increase  in  the 
percentages  of  blacks  and  Puerto  Ricans  scoring  at  or 
above  600  on  the  math  SAT  from  1987  to  1992— and  the 
slight  decline  among  whites,  Mexican  Americans,  and 
Latin  Americans — suggests  a  lack  of  progress  in  increas- 
ing the  portion  of  r.S.  students  likely  to  be  well-prepared 
for  college-level  work  in  mathematics  or  the  sciences. 
Note  that  the  2-percentage  point  increase  for  Native 
.Americans  rellc^'ts  a  decline  in  the  number  of  test-takers,  rather 
tlian  an  ina*ease  in  the  number  who  scored  at  or  above  600. 

Engineering  is  a  field  that  often  attracts  the  Nation's 
top  mathematics  and  science  students.  Therefore,  stu- 
dents who  indicate  a  planned  major  in  engineering  are 
likely  to  be  top  scorers  on  the  mathematics  S.AT.  Among 
students  indicating  that  they  intended  to  major  in  engi- 
neering, there  were  significant  gaps  in  the  mean  SAT 
mathematics  scores  between  whites  and  Asians,  on  the 


Figure  1-9. 

Students  who  scored  600  or  more  on  the  math  SAT 
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one  hand,  and  between  Native  Americans,  blacks, 
Mexican  Americans,  Puerto  Ricans,  and  Latin  Americans 
on  the  other  hand.  In  addition,  the  mean  score  of  Asian 
students  intending  to  major  in  engineering  increased 
more  rapidly  than  that  of  any  other  group,  moving  them 
well  ahead  of  whites  and  further  widening  the  gap 
between  them  and  the  other  racial/ethnic  groups. 

International  Comparisons  of  Achievement 

Elementary-  and  secondary-age  students  in  many 
industrialized  Asian  and  European  nations  have  consis- 
tently outperformed  their  U.S.  peers  in  international 
mathematics  and  science  tests.  Despite  the  various  data- 
related  weaknesses  that  limit  these  international  compar- 
isons (Medrich  and  Griffith  1992),  the  results  suggest 
that — at  best — U.S.  student  performance  on  these  tests 
has  been  relatively  mediocre.  Poor  sample  quality  and 
student  selectivity  alone  cannot  explain  the  superior  per- 
formances Jem.onstrated  by  students  in  some  countries 
(Bradbum,  as  cited  in  Rothman  1992).  The  consistency 
of  the  international  findings,  along  with  the  magnitude  of 
the  differences  in  scores  between  the  highest  achieving 
countries  and  the  United  States,  "suggests  that  there  is 
an  important  underlying  theme  of  lagging  U.S.  perfor- 
mance" (Medrich  and  Griffith  1992). 

The  1981  Second  International  Mathematics  Study 
(SIMS)  and  1984  Second  International  Science  Study 
(SISS),  which  measured  mathematics  achievement 
among  13-year-olds  and  science  achievement  among  10- 
and  14-year-olds,  indicated  large  differences  in  the  mean 
scores  between  the  United  States  and  the  top-scoring 
countries.  These  studies  also  measured  the  mathematics 
and  science  achievement  of  students  in  their  last  year  of 
secondary  school;  however,  "meaningful  comparisons  of 
achievement  are  especially  difficult  for  this  group" 
(McKnight  et  al.  1989,  p.  27)  due  to  the  sampling  and 
selectivity  problems  that  plague  cross-national  studies  of 
the  achievement  of  older  students.  Nevertheless,  the  rel- 
atively low  performance  of  U.S.  students  was  consistent 
across  subject  areas  and  age  groups  in  both  the  siMS  and 
SISS;  this  was  in  keeping  with  the  findings  of  the 
International  Assessment  of  Educational  Progress 
(Lapointe,  Askew,  and  Mead  1992a)  that  was  conducted 
among  students  representing  a  different  set  of  countries 
and  age  groups. 

lAEP  1991  Comparisons.  The  lAEP  examined  the 
mathematics  and  science  achievement  of  9-  and  13-year- 
olds  in  20  different  countries.'-'  However,  any  useful  com- 
parison of  the  achievement  of  students  in  these  countries 
must  take  into  consideration  the  various  factors  that  m.ay 
have  contributed  to  apparent  variations  in  achievement 
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These  countries  were  Brazil,  Canada,  China,  England,  P>ance, 
Hungary,  Ireland,  Israel,  Italy,  Jordon,  Mozambique,  PoriURal, 
Scotland,  Slovenia.  South  Korea,  Soviet  Union,  Spain,  Switzerland, 
Taiwan,  and  the  United  States. 
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Text  table  1-6. 

Percentage  of  items  correct  on  the  International 
Assessment  of  Educational  Progress  math  and 
science  tests:  1991 


Country 

9-year-olds 

1 3-year-olds 

Math 

Science 

Math 

Science 

 Percent 

.  60 

63 

62 

69 

64 

69 

Hungary  

68 

63 

68 

73 

60 

57 

61 

63 

64 

61 

63 

70 

40 

57 

61 

68 

56 

58 

57 

70 

75 

68 

73 

78 

62 

62 

55 

68 

68 

67 

73 

76 

United  States  .  .  . 

 58 

65 

55 

67 

SOURCE:  A.E.  Lapointe.  J.M.  Askew,  and  N.  A.  Mead.  Learning 
Mathematics  {Princeion:  Educational  Testing  Service.  1992).  and 
Learning  Science  (Princeton:  Educational  Testing  Service.  1992). 
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levels.  These  include  the  methodological  limitations  of 
the  samples  in  some  countries,  low  participation  rates  in 
others,  and  the  differences  among  the  nations  in  terms 
of  their  wealth  and  economic  development— a  particular- 
ly important  element,  given  the  strong  positive  correla- 
tion that  exists  between  economic  status  and  academic 
achievement  (NSF  1992). 

Text  table  1-6  presents  achievement  data  from  only 
those  countries  that  were  most  similar  to  the  United 
States  in  terms  of  sample  definitions  and  selection,  par- 
ticipation rates,  and  economic  status.  Restricting  the 


sample  to  these  countries  allows  for  a  more  meaningful 
analysis  of  comparative  student  achievement  (NSF  1992). 

Although  the  United  States  achieved  near  the  levels  of 
the  South  Koreans  and  Taiwanese  in  science  at  the  9- 
year-old  level,  they  were  unable  to  demonstrate  this  level 
of  achievement  at  the  13-year-old  level.  As  table  1-6  illus- 
trates*  U.S.  students  were  outperformed  by  most  of  their 
international  peers  in  both  mathematics  and  science  at 
the  13-year-old  level,  and  in  mathematics  at  the  9-year- 
old  level. 

Mathematics:  Grades  1  and  5.  Other,  smaller  inter- 
national studies  conducted  over  the  past  10  years  have 
found  similar  achievement  trends  among  Asian  and  U.S. 
students."  In  studies  of  first  and  fifth  grade  students  in 
Minneapolis,  Minnesota;  Sendai,  Japan;  and  Taipei. 
Taiwan;"  U.S.  students  scored  below  their  Japanese  and 
Taiwanese  peers  in  mathematics  in  1980,  1984,  and  1990 
(Stevenson^  Chen,  and  Lee  1993).  (See  figure  MO.)  The 
low  levels  oi  achievement  in  Minneapolis  are  of  .concern, 
because  Minnesota  students  rank  high  among  the  States 
in  mathematics  achievement  and  Minnesota  has  the 
highest  high  school  graduation  rate  in  the  country. 
Figure  1-10  illustrates  the  distribution  of  scores  on  the 
math  test  and  includes  comparisons  between  fifth  grade 
Minneapolis  students  and  students  in  Taipei  (Taiwan), 
Sendai  XIapan),  and  Szeged  (Hungary). 


These  studies  have  generally  taken  specific  steps  to  address  the 
typical  criticisms  leveled  against  cross-national  comparisons — e.g.. 
that  tests  included  items  that  students  have  not  studied,  or  that  stu- 
dent samples  were  not  selected  in  identical  ways  across  countries 
(Stevenson  1993). 

These  cities  were  selected  as  "prototypic  metropolitan  areas" 
because  nationwide  sampling  was  not  feasible  due  to  tlnancial  and 
logistic  constraints,  in  each  city,  the  researchers  selected  a  representa- 
tive sample  of  the  city's  schools. 


Mathematics  scores  for  grade  5  students  In  Minneapolis,  Taipei,  Sendai,  and  Szeged:  1990 
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Chapter  1 .  Elementary  and  Secondary  Science  and  Mathematics  Education 


Teachers  and  Teaching 

Teacher  Characteristics 

Althouirli  tcacluM's  arc  usually  the  focus  of  most  dis- 
cussions ol  school  siatlin^,  it  is  iiuportant  to  remember 
I  hat  the  2,630.000  r.S.  teachers  work  with  103.000  prin- 
cii)als,  86.()()0  .iTuidance  counselors.  79.000  librarians 
and  media  personnel.  109.000  other  professionals. 
108.000  teacher  aides,  and  198.0OO  other  noninstruc- 
tional  personnel  (NCKS  1993b).  Without  minimizing  the 
importance  of  these  almost  1.3  million  other  people  who 
directly  participate  in  student  education,  this  section 
focuses  on  the  characteristics  of  the  teaching  force — 
particularly  those  of  mathematics  and  science  teachers. 

Sex  and  Minority  Status,  In  1991.  88  percent  of  all 
<'lementar\'  school  teachers  were  women,  as  were  56  per- 
cent of  all  secondan-  school  teachers  (NKA  1992).  Women 
WW  less  likely  to  be  mathematics  or  science  specialists 
m  the  (demenlary  grades  or  mathematics  or  science 
it.-achcrs  in  the  secondary  grades.  iSee  ilgure  ML)  At 
the  s(-co!KlaiT  school  level,  women  were  more  underrep- 
n^sented  among  chemistr\'  and  physics  teachers. 

Minorities  are  also  underrepresented  among  sec- 
ondan-  school  science  teachers.  Only  11  percent  of  high 


Fiqure  M2. 

Percent  minority  for  students  and  teachers 
In  grades  9*12 


High 
school 
students 


Math 
Biotogy 
Chemistry 

Physics 

All  high 
school 


10         15        20  25 
Percent  minority 


30  35 


NOTE:  Data  are  for  all  teachers  whose  main  or  secondary  assignment 
is  in  math  or  science. 

SOURCES:  (Teachers)  State  Departments  of  Education.  Fall  1989; 
(Students)  NCES.  Schools  and  Staffing  Survey.  1990-91.  Council  of 
Chief  State  School  Officers,  State  Education  Assessment  Center. 
Washingiton.  DC,  1993. 
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Figure  1-11. 

Percent  female  of  all  teachers  of  math  or  science 
who  teach  those  subjects  as  their  main  or  secondary 
assignment:  1987-88 


Percent 
100 


80 


60 


40 


20 


Elementary 


Secondary 


school  math  teachers,  and  only  4  percent  of  high  school 
physics  teachers,  are  minorities.  (See  fi^re  1-12.)'' 

Education  and  Preparation,  The  combination  of 
well-prepared  teachers,  effective  curricula^  supportive 
institutions,  and  motivated  students  is  essential  to 
improvement  in  mathematics  ?.nd  science  achievement 
for  all  students.  (See  "Teacher  Expertise  and  High 
Student  Achievement.")  Wed-prepared  teachers  are 
those  who  have  been  drawn  to  the  profession  because  of 
both  commitment  and  talent,  thoroughly  trained  in  both 
pedagogy  and  the  disciplines,  and  continually  given 
opportunities  for  intellectual  and  professional  growth. 
Unfortunately,  this  definition  of  the  well-prepared  teach- 
er is  frequently  inconsistent  with  the  qualifications  and 
experience  of  most  U.S.  teachers. 

About  60  percent  of  mathematics  and  science  special- 
ists at  the  elementary  grades  received  their  bachelors 
degrees  in  elementary  education.  (See  appendix  table 
1-27.)  Although  course  requirements  vary  at  different 
higher  education  institutions,  it  is  likely  that  those 
receiving  degrees  in  elementary  education  were 
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NOTE:  Data  are  for  all  teachers  whose  main  or  secondary  assignment 
is  in  malh  or  science. 
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'For  additional  information  on  niinoriiy  teachers,  see  appendix 
tables  1-24  and  1-25. 
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Teacher  Expertise  and  High  Student  Achievement 


Although  teachers  are  key  figures  in  improving 
mathematics  and  science  learning,  their  expertise  is 
only  one  of  the  many  elements  in  the  configuration  of 
school,  community,  and  family  resources  that  affect 
student  achievement.  The  by-state  comparisons  of  the 
1992  NAEP  mathematics  assessment  illustrate  the 
point. 

Iowa  students  had  the  highest  average  NAEP  math 
score  in  the  country  at  grade  8  and  the  second  highest 
average  score  at  grade  4.  Washington,  D.C.,  students 


had  the  lowest  average  scores  at  both  grades.  Yet  a 
higher  percentage  of  the  fourth  and  eighth  grade 
teachers  in  Washington  held  advanced  degrees  and 
reported  more  hours  of  inservice  training  than  did 
Iowa  teachers.  (Both  groups  of  teachers  reported 
about  the  same  number  of  years  of  experience.)  Also, 
Washington,  D.C.,  teachers  reportedly  devoted  more 
time  to  mathematics  instruction  per  week  and 
assigned  more  minutes  of  mathematics  homework  per 
day  than  did  Iowa  teachers. 


required  to  take  fewer  math  and  science  courses  than 
those  majoring  in  mathematics  or  science.  Moreover, 
the  mathematics  and  verbal  SAT  scores  of  college-bound 
seniors  planning  to  major  in  education  were  significantly 
lower  than  the  average  scores  of  all  students.'"'  (See  text 
table  1-7.) 

Data  suggest  that  the  science  and  matlv  natics  prepa- 
ration of  some  middle  school  teacher  -  not  strong. 
Only  about  40  percent  of  grade  7-8  science  teachers 
received  their  bachelors  degrees  in  science  or  science 
education,  and  fewer  than  40  per:ent  of  grade  7-8  mathe- 
matics teachers  received  their  degree  in  either  mathe- 
matics or  mathematics  education. 

Among  secondary  school  teachers,  the  percentage 
who  taught  in  the  field  in  which  they  were  trained  varied 
by  subject  area.  (See  appendbc  table  1-27.)  While  fewer 
than  20  percent  of  earth  science  teachers  held  subject 
matter  degrees  in  their  discipline,  about  60  percent  of 
biology  teachers  did  so.  Fewer  than  40  percent  of  chem- 
istry, physics,  and  mathematics  teachers  held  subject 
matter  degrees  in  their  respective  disciplines. 

Poor  and  non-Asian  minority  students  are  more  likely 
than  other  students  to  be  taught  by  teachers  who  majored 
in  education  only  or  in  a  subject  different  from  the  one 
they  teach.  (See  text  table  1-8.)  Eighth  grade  white,  Asian, 
and  high  socioeconomic  status  students  were  much  more 
likely  to  be  taught  math  by  teachers  who  majored  in  math- 
ematics or  mathematics  education  than  were  blacks, 
Hispanics,  or  Native  Americans.  Additionally,  the  qualifi- 
cations of  secondary  mathematics  and  science  teachers 
may  differ  depending  on  the  racial  composition  of  a 
school.  Students  attending  schools  with  a  high  percent- 
age of  minority  students  are  less  likely  to  be  taught  by 
mathematics  and  science  teachers  with  a  masters 


■\Mthough  these  scores  should  be  considered  with  (*aution.  it  is  not 
surprisin.;?  that  many  of  the  most  well-prepared  colloKc-bound  students 
aspire  to  other  fields.  'Hie  sinning  salaries  for  new  teadiers  remain 
Q  --jjnificanilv  lower  than  those  offered  in  many  other  fields.  (See  chap- 


degree,  bach-elors  degree,  or  certification  in  their 
assigned  field.  (See  figure  1-13.) 

International  Comparisons  of  Teachers 

In  iheir  studies  of  educational  systems  in  the  United 
States,  Japan,  Taiwan,  and  China,  Stevenson  and  Stigler 
(1992)  provide  detailed  descriptions  of  how  teachers' 
pre-  and  in-service  training,  instructional  practices,  and 
working  conditions  differ  between  countries,  and  how 
these  factors  may  contribute  to  variations  in  teacher 
effectiveness  and  student  achievement.*' 

Professional  Development  In  general,  teachers  in 
the  Asian  countries  surveyed  have  fewer  years  of  formal 


For  purposes  of  this  discussion,  data  from  China  and  Taiwan  are 
not  discussed  separately. 


Text  table  1-7. 

Average  SAT  scores  for  students  planning 
an  education  major 

Students  planning 

an  education  major         All  students 
Verbal       Math  Verbal  Math 


1982    394  419  426  467 

1983   394  418  425  468 

1984   398  425  426  471 

1985   404  432  431  475 

1986   NA  NA  430  476 

1987   408  437  430  476 

1988   407  442  428  476 

1989   406  440  427  476 

1990   406  442  424  476 

1991    406  441  422  474 


NA  =  not  available 

SOURCE:  The  College  Board.  College-Bound  Seniors:  Profile  of  SAT 
and  Achievement  Test  Takers,  annual  series  (Princeton:  Educational 
Testing  Service.  1982-91). 
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Chapter  1 .  Elementary  ana  Secondary  Science  ana  Mathematics  Education 


Text  table  1-8, 

Proportion  of  eighth  graders  whose  math  teachers  maiored/minored  in  math:  1988 

Teacher 

Major  in                        Minor  in                   Major  in  Other 
Student/school  characteristic  math/math  ed.  math/math  ed.  education  major 

 Percent  

All  students    43,3  27.1  18.2  11.4 

Race/ethnicity 

White   45.7  27.2  17.7  9.4 

Asian   44.1  23.5  15.0  17.5 

Black   40.0  26.6  21.5  12.9 

Hispanic   33.3  28.5  17.5  20,8 

Native  American   30.5  23.5  23.4  22.6 

Socioeconomic  status 

Low   38.5  25.9  23.1  12.6 

Middle   43.2  27.7  17.7  11.4 

High   49.3  26.2  13.2  9.8 

SOURCE:  Research.  Evaluation,  and  Dissemination  Division.  Indicators  of  Science  and  Mathematics  Education  1992,  NSF  93-95  (Washington.  DC:  National 
Science  Foundation.  1993). 
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Figure  1-13. 

Qualifications  of  secondary  math  and  science 
teachers  by  scliool  raciai/etlinic  composition 
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SOURCES:  J.  Oakes.  Multiplying  Inequalities:  The  Effects  of  Race. 
Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathematics  and 
Science,  (Santa  Monica.  CA:  Rand,  1990).  p.  61;  and  Councii  of  Chief 
State  School  Officers.  State  Indicators  of  Science  and  Mathematics 
Education       (Washington.  DC:  1993). 
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education  than  do  their  r.S.  counterparts,  lliey  are  more 
likely  to  have  majored  in  the  liberal  arts  than  in  educa- 
tion, and  generally  have  taken  more  courses  in  such  sub- 
stantive areas  as  mathematics,  literature,  etc.,  than  have 
r.S.  teachers,  who  take  many  more  teaching  methodolo- 
gy courses.  While  in  the  United  States  formal  teacher 
training  usually  ends  after  a  teaching  certificate  has  been 
earned,  "the  real  training  of  Asian  teachers  occurs  in 
their  on-the-job  experience  after  graduating  from  col- 
lege" (Stevenson  and  Stigler  1992,  p.  159).  Asian  teach- 
ers receive  much  more  extensive  support  and  assistance 
from  knowledgeable  and  skilled  "master"  teachers  at 
their  schools  during  their  first  few  years  in  the  class- 
room than  do  r.s.  teachers,  and  a  high  level  of  interac- 
tion and  communication  among  teachers  typifies  the 
experience  of  Asian  teachers  throughout  their  ca^'eers. 
For  example,  in  Japan,  meetings  to  discuss  te  ..ning 
techniques  or  to  construct  plans  for  specific  lessons  are 
frequently  organized  by  school  vice  principals  and  head 
teachers;  teachers  also  regularly  observe  their  peers 
informally  as  they  teach,  offering  encouragement  as  well 
as  suggestions  for  improvement  (Stevenson  and  Stigler 
1992). 

Working  Conditions.  Teacher  schedules,  the  organi- 
zafion  of  the  school  day,  and  the  physical  structure  of 
schools  appear  to  contribute  to  the  sense  of  professional 
isolation  experienced  by  many  I'.s.  teachers.  Although 
Japanese  and  Chinese  elementary  school  teachers  have 
longer  formal  workdays,  they  teach  fewer  hours  than  do 
their  L^s.  peers  (Stigler  and  Stevenson  1991),  WTiile  most 
l*.S.  elementary  school  teachers  prepare  lessons  and 
grade  papers  at  home  because  their  teaching  responsi- 
bilities tend  to  prohibit  their  completing  these  duties 
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(luring  the  day,  Japanese  and  Chinese  teachers  use  then* 
iionleachniK  hours  during?  the  workday  to  not  only  ^rade 
papers,  but  also  to  prepare  and  discuss  lessons  with 
other  teachers  and  share  materials  and  techniques  with 
them  (Stevenson  and  Stigler  1991).  Specially  desiCTated 
teacher  rooms  at  each  school,  which  are  equipped  with  a 
desk  for  each  teacher,  facilitate  Asian  teachers'  efforts  to 
communicate  with  each  other,  and  to  provide  and 
receive  assistance  as  needed.  In  contrast,  the  physical 
structure  of  elementary  schools  in  the  United  States, 
which  often  lack  a  common  work  area  for  teachers,  cre- 
ates few  opportunities  for  regular  teacher  exchange 
(Sato  and  McLaughlin  1992). 

Other  features  of  the  Chinese  and  Japanese  education 
systems  also  help  enhance  teachers'  working  conditions. 
For  example,  to  help  avoid  the  "burnout"  that  may  result 
from  teaching  the  same  subjects  at  the  same  grade  level 
at  the  same  school  over  an  extended  period  of  time, 
Japanese  teachers  follow  the  same  group  of  students  for 
two  or  three  grades.  Also,  their  teaching  assignments 
are  rotated,  from  grade  to  grade  and  school  to  school,  in 
3-  to  7-year  cycles  (Stevenson  and  Stigler  1992). 
Professional  advancer;  mt  is  also  handled  differently.  In 
Japan,  success  as  a  (  .ssroom  teacher  is  one  of  the  pri- 
marv'  requirements  for  advancement  to  a  supervisory  or 
administrative  position;  in  the  United  States,  coursework 
in  educational  administration  is  more  strongly  empha- 
sized (Stevenson  and  Stigler  1992).  Thus,  L'.S.  teachers 
lack  s(mie  of  the  motivation  to  enhance  their  leaching 
skills  that  their  Asian  counterparts  enjoy. 

Classroom  Practices.  In  an  attempt  to  understand 
the  relatively  poor  performance  of  r.S.  first  and  fifth 
graders  in  mathematics,  Stigler  and  Stevenson  (1991) 
examined  how  the  subject  is  taught  in  classrooms  in  the 
Taipei,  Taiwan:  Sendai,  Japan:  Beijing,  China;  and 
Minneapolis  and  Chicago  metropolitan  areas.  They 
observed  differences  in  lesson  coherency,  classroom 
organization,  teacher  responses  to  academic  diversity, 
use  of  real-world  problems  and  objects,  and  teacher/stu- 
dent  roles.  Highlights  of  these  findings  are  detailed 
below. 

The  researchers  reported  that  classes  in  Japan  and 
China  were  more  coherent:  Lessons  had  a  clear  begin- 
ning, middle,  and  conclusion,  and  instruction  was  rarely 
(less  than  10  percent  of  the  time)  disrupted  by  irrelevant 
comments  by  teachers  or  by  outsiders  entering  the 
room  for  some  unrelated  purpose.  In  contrast,  in  the 
Lmited  States,  such  interruptions  occun'ed  in  20  percent 
of  the  first  grade  classrooms,  and  47  percent  of  the  fifth 
grade  classrooms  studied  (Stigler  and  Stevenson  1991). 
Coherence  was  also  negatively  affected  by  teachers  shift- 
ing frequently  from  topic  to  topic  during  the  course  of  a 
single  lesson.  Stigler  and  Stevenson  report  that  "such 
changes  in  topic  were  responsible  for  21  percent  of  the 
changes  in  segments  that  we  observed  in  American 
J  iassrooms  but  accounted  for  only  4  percent  of  the 
fphanges  in  segments  in  the  Japanese  classrooms" 


(p.  16).  Asian  teachers  tended  to  introduce  new  activities 
and  materials,  rather  than  new  topics,  as  a  mean  of  hold- 
ing students'  attention  throughout  a  lesson  (Stigler  and 
Stevenson  1991). 

Asian  teachers,  who  have  greater  amounts  of  non- 
teaching  time  during  the  day,  use  a  portion  of  this  time 
to  work  with  individual  students  who  are  experiencing 
academic  difficulties  (Stigler  and  Stevenson  1991). 
During  their  regular  classes,  they  focus  instruction  on 
the  whole  group  without  regard  to  academic  differences 
and  try  to  meet  diverse  academic  needs  by  varying 
leaching  techniques  and  materials.  U.S.  teachers,  on  the 
other  hand,  tend  not  to  view  whole-group  instruction  as 
well-suited  to  addressing  diversity;  they  attempt  to  meet 
diverse  student  needs  through  individual  instrucdon  in 
the  classroom  (Stigler  and  Stevenson  1991). 

The  teaching  techniques  used  in  China  and  Japan  are 
often  recommended  by  r.s.  educators  as  well.  VS. 
teachers  do  not  have  the  same  training  and  support  as 
Iheir  Asian  peers,  and  lack  the  lime  and  opportunity  pro- 
vided to  Asian  teachers  to  hone  their  teaching  skills.  In 
addition,  the  heavy  teaching  load  of  U.S.  elementary 
teachers  further  detracts  from  their  ability  to  implement 
a  well-planned  lesson  effectively  (Stigler  and  Stevenson 
1992). 

Instructional  Methods  and  Teaching  Tools 

Classroom  Activities.  Recent  studies  show  that  chil- 
dren learn  from  a  variety  of  learning  activities,  including 
drills  to  strengthen  basic  skills  and  other  activities  to 
develop  more  complex  reasoning  capabilities.  In  recogni- 
tion of  this,  the  National  Council  of  Teachers  of  Mathe- 
matics (NCTM)  endorsed  a  new  direction  in  teaching 
mathematics  that  de-emphasizes  drill  and  practice  and 
emphasizes  goals  of  conceptual  understanding  and  prob- 
lem solving. 

In  the  past,  instruction  focused  almost  exclusively  on 
basic  skills,  which  provided  strong  results  on  basic 
skills  tests  but  may  limit  student  proficiency  in  more 
advanced  skills  such  as  mathematical  reasoning 
(Knapp.  Shields,  and  Turnbull  1992).  A  1992  study 
found  that  students  who  are  exposed  to  instruction  that 
emphasizes  "meaning  and  understanding"  score  beUer 
on  standardized  tests  of  advanced  academic  skills  than 
students  who  are  in  classrooms  that  emphasize  arith- 
metic skills.  The  study  also  determined  that  the  focus 
on  meaning  and  understanding  does  not  hinder  profi- 
ciency in  basic  skills  but  instead  facilitates  proficiency  in 
basic  skills. 

Currently,  instruction  in  mathematics  and  science 
classrooms  is  moving  slowly  toward  more  student  dis- 
cussion and  increased  student  involvement  in  the  learn- 
ing activities,  in^s  (1991)  reported  a  significant  increase 
between  1978  and  1990  in  discussion  opportunities  for 
17-year-olds  in  mathematics  classes  (51  to  63  percent). 
However,  the  percentage  of  students  who  make  reports 
or  do  projects  on  mathematics  was  very  low  (5  percent). 
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Most  siudents  (aijproxirnalcly  85  pcmMiU  ivporiod  that 
ihcy  spcMul  most  of  the  lime  listcMiinji:  to  the  teacher 
explain  malhernalics  lessons,  watch  the  teachers  work 
inatheniatics  problems  on  the  board,  and  take  inathe- 
nialics  t(*sts  {\ci:s  19925).  Nearly  U)  percent  of  students 
in  ei^^hth  ^^rade  spend  less  than  half  of  their  time  in 
mathematics  classes  in  whole  ^n'oups,  indicatin^^  that 
these  students  are  workinji:  in  small  j^roups  or  alone 
(NCHS  19920.  (See  tiRure  1-14.) 

Science  activities  for  elementaiy  students  are  impoilanl 
because  they  stimulate  student  interest  in  science  and  pro- 
vide a  base  for  future  science  leamin^^  (Bybee  and  Umdes 
1990).  Data  from  KVS  (1991)  show  that  the  lUM-centa^e  of  i)- 
year-old  students  who  do  scientific  experiments  has 
remained  stable  or  decreased  since  1977,  but  the  percent- 
n^e  of  students  who  have  used  thermometers  and  niicro 
scopes  has  increased,  ^flie  proportion  who  use  calculators 
remained  stable  (NCi:s  1992b).  (See  text  tabk'  1-9.) 

At  the  hi^j^her  ^^rade  levels,  students  do  not  pailicipate 
in  many  science  activities;  the  classes  consist  primarily 
of  a  t(m'her  lecturin^^  MI'S  (li)91)  found  that  ii\  percent 
of  8th  grade  students  and  7(S  percent  of  12th  j^raders 
reported  that  their  teachers  lectured  in  science  class  sev- 
eral times  a  week  or  more.  Fewer  than  half  of  these  stu- 
dents reported  that  they  were  asked  to  do  the  followin^^ 


Figure  1-14. 

Mathematics  classroom  activities  as  reported  by 
1 7-year-olds 
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Text  table  1-9. 

Participation  of  9-year-old  students  in 
science  activities 

Activity  1977  1990 

Percentage  of  students 

Experimented  with  living  plants   70  64* 

Experimented  with  batteries 

and  bulbs   51  47 

Used  a  thermometer   84  91* 

Used  a  microscope   53  63' 

NOTE: '  =  stastically  signifh;ant  difference  Detween  1977  and  1990. 
SOURCE:  Educational  Testing  Service.  Trends  m  Academic  Progress 
(Washington,  DC:  National  Center  for  Education  Statistics.  1991). 
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acllvitlcs  several  linics  a  week  or  more:  asked  about  rea- 
sons for  c'xperimenlal  results,  to  write  an  experiment,  or 
are  asked  their  opinion  on  seience  issues.  More  students 
participated  in  these  activities  once  a  week  or  less.  (See 
fiRure  M5.) 

As  part  of  its  curriculum  and  instniction  recommenda- 
tions, SCl'W  sup:sested  that  the  mathematics  curriculuni 
be  updated  to  include  technology  such  as  computers  and 
calculators  in  the  classroom.  NCFM  recommends  that 

♦  appropriate  calculators  be  available  to  all  students 
at  all  times, 

♦  every  classroom  have  a  computer  for  demonstration 
purposes, 

♦  every  student  have  access  to  a  computer  for  individ- 
ual and  Rroup  work, 

♦  all  students  learn  to  use  the  computer  as  a  tool  for 
processing  information  and  performing  calculaiions 
to  investi^^ate  and  solve  problems,  and 

♦  students  be  able  to  understand  when  to  use  the  var- 
ious technolo^^ies  for  problem-solving  (N'CFvS  1992c). 

Use  of  Computers,'^  'Hie  availability  and  use  of  com- 
jniters  in  the  classroom  is  on  the  rise.  Since  the  early 
1980s,  the  number  of  computers  in  schools  has 
increased  from  approximately  50,000  to  2»400,000  in 
1989.  During  this  period,  the  way  in  which  computers 
are  used  in  school  has  changed.  In  1983,  when  few  com- 
puters were  available,  schools  tried  to  provide  a  taste  of 
computer  exi)erience  to  as  many  students  as  possible, 
without  providing  competence  for  any  student.  By  1985, 
schools  had  more  computers,  and  teachers  were  using 
them  to  enhance  their  students'  daily  lessons.  ITie  com- 
puters were  seldom  used,  however,  to  provide  instruc- 
tion in  conventional  school  subjects.  By  1989,  computer 


ERJC 


SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress 
(Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Figure  1-15. 

Student  reports  on  instructional  approachs'^s  used 
in  science  class 

In  tctvnc*  class,  how  often  dots  your  teacher . . . 
Gr«ds8 
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scientific  principle 

Ask  about  reasons  for 
experimental  results 

Ask  you  to  write  up 
an  experiment 

Ask  for  an  opinion  on 
a  science  issue 


Grade  12 
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Ask  about  reasons  for 
experimental  results 

Ask  you  to  write  up 
an  experiment 

Ask  for  an  opinion  on 
a  science  issue 


SOURCE:  National  Center  for  Education  Statistics.  The  1990  Science 
Report  Care/ (Washington.  DC:  U.S.  Department  of  Education,  1992). 
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laboratories  were  more  common,  and  elementaiy  school 
students  were  using  computers  to  practice  their  basic 
skills.  (See  text  table  MO.) 

The  most  current  data  indicate  that  students  mostly 
•  5e  computers  to  learn  computer-specific  skills  such  as 
word  processing  or  database  programs.  Tlie  use  of  com- 
puters is  infrequent  in  mathematics  and  science  classes 
compared  with  their  use  in  computer  classes;  only  8  per- 
cent of  mathematics  and  5  percent  of  science  class  time 
was  spent  using  computers.  During  the  1988/89  school 
year,  42  percent  of  all  mathematics  teachers  and  36  per- 
cent of  all  science  teachers  said  they  used  computers  in 
at  least  one  class;  however,  the  computer  instruction 
tends  not  to  be  integrated  with  subject  matter. 

Errs  (1991)  found  that  34  percent  of  fourth  grade  and 
21  percent  of  eighth  grade  students  have  computers 
available  in  their  classrooms.  An  additional  47  percent  of 
fourth  grade  and  52  percent  of  eighth  grade  students 
have  computers  available  in  the  school  but  they  are  diffi- 
cult to  access.  These  data  indicate  that  fourth  grade  stu- 
f^^cnis  use  computers  much  more  frequently  than  eighth 
>Tade  students  to  solve  mathematics  problems.  Only  12 


percent  of  eighth  grade  students  use  computers  for  30 
minutes  or  more  each  week  to  solve  mathematics  prob- 
lems compared  to  41  percent  of  fourth  graders.  Almost 
three-quarters  of  eighth  grade  students  do  not  use  com- 
puters at  all  to  solve  mathematics  problems  in  class  com- 
pared to  only  31  percent  of  fourth  graders. 

Use  of  Calculators,  Students  generally  have  access 
to  calculators  either  at  school  or  at  home,  yet  this  does 
not  translate  into  increased  calculator  use  in  the  schools. 
Although  about  half  of  all  fourth  and  eighth  grade  stu- 
dents have  access  to  school-owned  calculators,  only  3 
percent  of  fourth  graders  and  19  percent  of  eighth 
graders  are  allowed  to  use  these  calculators  in  math 
class  on  a  regular  basis  (nces  1992c).  Forty-seven  per- 
cent of  fourth  graders  and  22  percent  of  eighth  graders 
have  never  been  asked. to  use  a  calculator  in  math  class. 
Twelfth  grade  students  tend  to  use  calculators  more  fre- 
quently than  4th  and  8th.  (See  figure  M6.)  Over  half  (58 
percent)  of  12th  graders  said  they  use  calculators  at  least 
several  times  a  week,  and  20  percent  said  they  use  them 
weekly.  Nevertheless,  only  44  percent  of  8th  graders  and 
30  percent  of  12th  graders  were  able  to  distinguish  when 
to  use  a  scientific  calculator  on  most  of  the  NAEP  items 
designed  for  calculator  use. 

International  Comparisons  of  Instructional 
Practices 

Asian  classes  are  larger  than  those  in  the  United 
States  and  involve  more  direct  instruction  from  teachers. 
Yet  within  this  setting,  Asian  teachers  incorporate  high 
levels  of  student  participation  and  problem  solving.  For 
example,  teachers  led  students*  activities  90  percent  of 
the  time  in  Taiwan*  74  percent  of  the  time  in  Japan,  and 
only  46  percent  of  the  time  in  the  United  States;  instruc- 
tion was  self-directed  9  percent  of  the  time  in  Taiwan,  26 
percent  of  the  time  in  Japan,  and  51  percent  of  the  time 
in  Uie  United  States. 


Text  table  1-10. 

Availability  and  use  of  computers  In  grade  4 
and  6  classrooms:  1990 


Availability/use 

Grade  4 

Grade  8 

34 

21 

Computers  available  In  school 

47 

52 

Use  computers  30  minutes  or  more 

each  week  to  solve  math  problems  .  . 

41 

12 

Do  not  use  computers  at  all  to 

solve  math  problems  in  class  

31 

73 

SOURCE;  Educational  Testing  Service,  Trends  in  Academic  Progress 
(Washington,  DC:  National  Center  for  Education  Statistics.  1991). 
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Figure  1-16. 

Pecentage  of  students  reporting  using  a  calculator 
several  times  a  week 
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Grade  4       Grade  B      Grade  12  •     Grade  12  - 
all  students  students 
taking  math 

SOURCE:  National  Center  for  Education  Statistics.  The  State 
of  Mathematics  Achievement,  (Washington.  DC:  Department 
of  Education.  1991). 
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I  sludrnts  c^n^^aged  in  lont^er  periods  of  desk  work 
and  practice  than  did  their  Asian  peers:  In  nearly  half  of 
the  fifth  Krade  classes  studied,  this  work  was  never  eval- 
uaiod  or  discussed  (Stigler  and  Stevenson  1991).  On  the 
other  hand,  Asian  teachers  tended  to  lead  more  whole- 
class  discussions  and  problem-solving  exercises,  pose 
more  provocative  and  interesting  questions,  and  inter- 
sperse the  lessons  with  short  periods  of  desk  work  that 
were  evaluated  or  discussed  in  nearly  all  of  the  class- 
rooms (Stigler  and  Stevenson  1991). 

Asian  elementar\'  students  are  frequently  required  to 
discuss  and  evaluate  the  ideas  and  solutions  that  they 
and  their  classmates  propose  in  mathematics  classes, 
thus  improving  their  individual  understanding  of  and 
interest  in  mathematics  and  increasing  the  class's  overall 
level  of  motivation  (Stigler  and  Stevenson  1992).  While 
there  is  a  great  deal  of  interaction  between  teachers  and 
students  in  mathematics  classes  in  the  United  States,  the 
nature  of  the  questions  posed  and  answers  given  is  quite 
different  (Stigler  and  Stevenson  1992).  Questions  gener- 
ally elicit  very  short  answers,  with  an  emphasis  on  '*cor- 
rectness"  rather  than  on  the  thought  processes  involved. 
Also,  while  Chinese  and  Japanese  teachers  tended  to 

♦r 


view  student  errors  as  "an  index  of  what  still  needs  to  be 
learned."  L'.s.  teachers  tended  to  interpret  errors  as  "an 
indication  of  failure  in  learning  the  lesson"  (Stigler  and 
Stevenson  1992.  p.  K)). 

Teachers'  use  of  real-world  problems  and  objects  dif- 
fer somewhat  in  Asian  and  U.S.  classrooms.  Although 
teachers  in  each  country  rely  on  the  m.anipulation  of  con- 
crete objects  to  teach  mathematics  to  elementary  stu- 
dents, teachers  in  the  United  States  are  less  likely  to  use 
them  (Stigler  and  Stevenson  1991).  Tliose  U.S.  teachers 
who  do  use  concrete  objects  tend  to  use  a  variety  of  dif- 
ferent types  as  they  teach  different  concepts — e.g.,  niar- 
bles  to  teach  addition,  and  sticks  to  teach  multiplication. 
Asian  teachers  tend  to  use  the  same  objects  to  teach 
each  topic  as  they  believe  that  switching  representations 
may  confuse  their  students  (Stigler  and  Stevenson  1991), 

Beyond  the  Classroom:  Students' 
Out-of-School  Experiences 

A  student's  activities  and  experiences  outside  of 
school  may  significantly  enhance  or  hinder  his  or  her 
academic  success.  A  review  of  the  research  literature 
(Adelman  et  al.  1992)  indicates,  for  example,  that  a  fami- 
ly's socioeconomic  status,  culture,  and/or  behavioral  pat- 
terns can  all  have  a  significant  impact  on  the  school 
achievement  of  its  school-age  members.  In  addition  to 
the  family,  there  are  other  individuals,  organizations, 
and  institutions  that  are  able  to  provide  specific  learning 
opportunities,  or  encourage  and  provide  examples  of 
intellectually  enhancing  attitudes  and  behaviors;  the 
extent  to  which  an  individual  is  willing,  or  able,  to  take 
advantage  of  these  opportunities  may  have  far-reaching 
and  profound  effects  on  his  intellectual  growth  and 
development. 

Parental  Attitudes  and  Support 

In  their  study  of  academic  achievement  among  stu- 
dents in  Minneapolis,  Sendai,  and  Taipei,  Stevenson, 
Chen,  and  Lee  (1993)  administered  a  test  of  students' 
general  informational  knowledge  that  would  not  normal- 
ly have  been  acquired  through  regular  schooling. 
Interestingly,  the  American  students  outperformed  their 
Asian  peers  in  kindergarten  and  the  first  grade. 
American  superiority  on  the  general  information  test 
continued  to  be  evident  through  the  11th  grade, 
although  there  was  a  narrowing  of  the  achievement  gap 
(Stevenson,  Chen,  and  Lee  1993).  Tlie  researchers  con- 
cluded: 

"\Ve  attribute  the  early  superiority  of  the  American 
children  to  the  greater  cognitive  stimulation  provided 
by  their  parents,  who  indicated  that  they  read  more 
frequently  to  their  young  children,  took  them  on 
more  excursions,  and  accompanied  them  to  more 
cultural  events  than  did  the  Chinese  or  Japanese  par- 
ents. As  American  children  grow  older,  parents 
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appear  lo  Ix^  Irss  likely  lo  i)r()vi(lc  the  kiiuls  ol 
<'nriclu'(l  oul-ol-scliool  cxpiMMoiices  thai  ihcy  did 
Ix'tbiv  [he  childnMi  eiUcMrd  the  first  ^,n*adc"  (p.  of^). 
A  study  of  llie  academic  achievement  of  5?>6  sch()()l-a.t(e 
liiildren  from  2(H)  Indochinese  refii.G^ee  lamilies  livin.t(  in 
the  Tiiiled  Stales  (Caplan.  Choy,  and  Whilmore  U)92) 
furtluM*  demonstrates  the  [)()tenlial  impact  of  family  atti- 
tudes and  l)ehaviors.  The  students  in  irrades  K-12  who 
attended  school  in  low-income  meiroi)olilan  arenas  had 
reniarkahly  hi.ixh  ,trra(l(M>oint  averages  ((iPAs):  27  percent 
had  an  overall  CPA  in  the  A  ranj^e,  52  percent  in  the  B 
ranse.  17  percent  in  the  C  ran.uje.  and  4  percent  had  a  CVA 
below  a  C  (Caplan.  Choy.  and  Wlnlmore  191)2). 

The  students'  mathematics  scores  were  even  more 
impressive,  N(»arly  half  the  students  had  (;rAs  equivalent 
to  an  A.  while  one-third  teamed  a  B.  The  results  of  stan- 
dardized achievement  tests  showed  similar  levels  of  pro- 
llciency  in  mathematics.  When  compared  nationally  to 
students  takin.ii:  the  California  Achievement  Test  at 
(•(juivalem  .i^rade  U^vels.  half  of  the  Indochinese  students 
scored  in  the  toj)  (luarlile:  27  percent  scored  in  the  toi) 
decile  (Caplan,  Choy.  and  Whitnion^  1992). 

Hie  researchers  identified  several  factors  that  appeared 
lo  i)e  linked  to  the  students^  hikdi  levels  of  achievement. 
i)uc  \'dCU)V  was  time  spent  on  homework.'"  WHiereas  the 
hulochinese  students  sj)ent  an  averaj^e  of  just  over  [] 
hours  {)n  h{)mew()rk  each  day  in  hijzh  school.  2/.  hours 
ill  junior  hijxh.  and  2  hours  in  grade  school,  their 
American  peers  studied  only  1  /.  hours  each  day  in  both 
junior  high  and  high  school,  hi  addition  to  spending 
more  time  on  their  homework,  tlu^  hKlochinese  students 
were  more  inclined  to  complete  their  homework  with  the 
assistanc(^  {)f  siblings  and  other  family  members.  Caplan. 
e'hoy.  and  Wliitmore  (1992)  lound  that  the  older  siblings 
li^arned  as  they  tutor(Kl  the  younger  ones,  and  the 
younger  ones  "learned  how  to  learn."  and  also  develoi)e(l 
positive^  "skills,  habits,  attitudes  and  expectations**:  they 
suggest  that  this  may  help  explain  the  positive  relation- 
ship between  family  size  and  (;PA  that  was  observed. 

Other  factors  that  were  |)()sitively  associated  with  aca- 
demic achievement  among  the  Indochinese  families 
were  (1)  the  presence  of  parents  who  read  aloud  to  their 
children;  (2)  a  briief  in  egalitarianisni  and  role-shai'ing 
between  male  and  female  family  members,  and  an 
abscMice  of  a  pro-male  bias:  O)  the  perception  among 
family  members  that  "learning  and  imparting  knowl- 
rdgt^**  were  i)leasurable  experiences:  and  (4)  a  retention 


M'lic  link  bctwrcii  linu*  spcni  on  honu^work  and  scliool  acliii'W- 
iiiciil.  pariinjlaiiy  \nv  sUhUmU^  in  iimiur  and  senior  hi«li  scIkh)!.  has 
Ih-(Mi  widHv  (ioi  innt-nb-d  l)y  oUut  rt'seaivluTs  in  ihc  lu-ld  (.Adclnuin 
«i  al.  my2)\  Ncvcrilu'lcss.  all  \\vc<  (»1  homework  arc  noi  equally  bone- 
linal.  l-(»r  cxainplo.  Cnoju-r  (l^KSii)  umnd  preparation  and  praciiee 
honu'work  inleirralinii  previous  lessons  lo  be  more  etiective  lhan 
homework  resirieied  lo  eurreni-day  lesson  eonient  in  junior  and  senior 
hi«h  nialhemalies  classes.  Olher  suidios  (Leone  and  Richards 
McDermon.  C.oldman.  and  Varenne  also  found  evidence  lliai 

O    amilv  involvenieiil  can  increase  homework's  elTecliveness. 
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of  traditionak  hulochinese  cultural  values — values  that 
emphasize  the  importance  of  (Hlucation.  hard  work,  per- 
severance, and  pride — by  the  family  (Caplan.  Choy.  and 
Whitmore  1992).  The  researchers  conclude  that  the 
.American  educational  system  is  still  able  to  educate  stu- 
dents successfully — evidenced  by  the  achievement  of 
these  refugee  children — as  long  as  it  is  not  expected  to 
also  provide  a  host  of  needed  social  seivices  and  become 
"parent  by  proxy'*  to  its  students.  They  state: 

"We  firmly  believe  that  for  American  schools  to 
succeed,  parents  and  families  must  become  more 
committed  to  the  education  of  their  children.  They 
must  instill  a  respect  for  education  and  create  within 
the  home  an  environment  conducive  to  learning. 
They  must  also  participate  in  the  process  so  that 
their  children  feel  comfortable  learning  and  go  to 
school  willing  and  prepared  lo  study'^  (p.  42). 
For  many  students  (e.g.,  those  who  are  slower  learn- 
ers, or  those  whose  socioeconomic  status  have  resulted 
in  limited  exposure  to  challenging  and  stimulating  infor- 
mation and  materials  at  home  or  school),  a  supportive 
family  is  only  part  of  what  is  needed  to  ensure  their  aca- 
demic success.  For  them,  nonschool  hours  represent  a 
valuable  opportunity  to  relearn.  catch  up.  or  extend  their 
learning  through  enrichment  programs  that  offer  tutor- 
ing or  mentoring  sei*vices,  or  subject-specific  training 
and  enrichment  (Adelman  et  al.  1992). 

Tutoring  and  Mentoring 

Tutoring  programs  have  been  veiy  effective  in  improv- 
ing students*  (ir.XS.  test  scores,  and  overall  academic  per- 
formance, particularly  in  madiematics  (Adelman  et  al. 

H)  92).  Studies  also  show  that  these  positive  outcomes 
also  occur  among  groups  of  low-income,  and  racial/eth- 
nic and  language  minority  students  (Herbst  and 
Sontheinier  1987;  Valenzuela-Sniith.  198!];  Kulik.  and 
Kulik  and  Cohen.  1982).  School-based  tutoring  programs 
have  also  been  found  to  improve  students*  attitudes 
towards  particular  subjects  and  school  in  general,  and 
they  enhance  the  self-esteem  and  self-confidence  of  par- 
ticipants (Adelman  et  ah  1992  and  Pringle  et  al.  1993). 

Mentoring  programs,  which  may  include  academic 
assistance,  counseling,  or  social  and  recreational  compo- 
nents, often  focus  on  developing  students*  interests  in 

I)  articular  professions  or  career  fields  (Adelman  et  al. 
1992).  In  addition  to  receiving  help  w^ith  their  school- 
work,  high  school  participants  in  mentoring  programs 
report  leaming  about  college  life  and  engaging  in  career 
exploration  activities;  these  experiences  appear  to  moti- 
vate and  improve  participants*  attitudes  towards  educa- 
tion (Adelman  et  al.  1992).  These  findings  suggest  that 
interest  in  mathematics  and  science  careers  among 
junior  and  senior  high  school  students  could  be 
enhanced  through  similar  efforts  by  professionals  in  the 
field. 
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Extracurricular  Activities 

C  urronl  elYoils  to  cncouraKe  nialheniatics  and  science 
achicvemcnl,  particularly  anions  females  and  minorities, 
include  several  academic  enrichment  proRran^s  that  are 
held  after  school  or  during  vacations.  Pi-o^^ranis  such  as 
the  (iiftcd  Math  Proj^rani;  the  Mathematics, 
Knp:ineerinj(,  and  Science  Achievement  Program:  and 
Creating  Higher  Aspirations  and  Motivations  Proijrani 
all  seek  to  sharpen  students'  mathematics  and  science 
skills  and  hei^diten  student  interest  in  careers  in  these 
fields.  Propjram  activities  include  academic  classes,  spe- 
cialized workshops,  tutoring;  sessions,  academic  and 
university  counseling,  field  trips,  and/or  employment 
programs. 

Tlie  importance  of  maximizing  students'  out-of-school 
academic  and  nonacadeniic  learning  opportunities  is 
widely  recognized  internationally.  For  example,  in  japan, 
larjife  luimhers  of  low-  and  hi.i^h-achievin^  students 
attend  "Juku,"  where  enrichment,  remedial,  and  exami- 
nation preparation  classes  are  offered  (Leeslman  et  ai. 
1987).  .-Xllhou.uh  some  juku  are  vic^wed  as  "cram" 
schools  where  hi^h  school  students  prepare  for  entrance 
examinations  to  prestigious  universities,  other  Juku  offer 
nonacademic  enrichment  courses  in  music  and  the  arts 
(Leestman  et  al.  1987). 

Many  studies  suR^,a^st  that  nonacadeniic  enrichment 
programs  that  emphasize  overall  youth  development 
have  the  potential  to  contribute  to  the  intellectual,  social, 
physical,  and  emotional  development  of  elementary-  and 
secoi  dary-age  students  (Adelman  et  al.  1992).  In  his 
study  of  school-based  extracurricular  programs  in  Hong 
Kong,  Japan,  Beijing,  Singapore,  and  Taiwan,  Stevenson 
(1993)  describes  the  importance  attached  to  such  activi- 
ties in  these  countries. 

Extracurricular  programs  are  offered  during  the  regu- 
lar school  day,  after  school,  or  on  weekends:  often  tiie 
entire  student  body  is  involved  in  one  or  more  of  the 
available  activities.  These  activities  include  arts  and 
crafts,  music,  sports,  clubs  and  societies,  public  service 
opportunities,  hobbies,  and  academics  (Stevenson  1993). 
All  activities  are  supported  by  school  personnel,  who 
believe  that  the  programs  help  to  stimulate  an  interest  in 
learning,  foster  the  development  of  various  physical 
skills,  promote  positive  social  and  cultural  values  and 
attitudes,  and  provide  students  with  an  opportunity  to 
receive  remedial  help  (Stevenson  1993). 

A  survey  of  community-based  services  for  adolescents 
between  the  ages  of  10  and  15  in  the  United  Kingdom, 
Australia,  (iermany,  Sweden,  and  Norway  (Sherraden 
1992),  indicates  that  overall  youth  development  is  also  of 
great  importance  and  concern  in  Europe.  Many  nations 
use  a  percentage  of  educational  or  other  public  funds  to 
support  community-based  youth  development  because 
they  "recognize  that  fonnal  schooling  is  not  a  sufficient 
format  for  individual  education.  There  is  too  much  to 
learn  and  schooling  cannot  cover  all  of  it"  (Sherraden 
^  1992,0,41). 
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in  the  Tnited  Slates,  various  youth  organizations  and 
school-related  extracurricular  programs  have  demon- 
strated an  ability  to  meet  these  important  needs 
(Adelman  et  al.  1992).  hi  addition,  many  students  actively 
seek  to  become  involves!  in  programs  offered  by  sp{)ns 
leagues,  museums,  libraries,  park  and  recreation  depart- 
ments, religious  associations,  and  camping  and  outdoors 
organizations  (Carnegie  Council  on  Adolescent 
Development  1992). 

Unfortunately,  many  low-income  and  minority  youth  in 
itiis  country  do  not  have  access  to  the  same  range  of  ser- 
vices that  their  more  affluent  peers  enjoy.  'Hie  communi- 
ty-based semces  on  which  many  rely  are  often  under- 
funded and  poorly  equipped,  and  access  to  many  national 
organizations  are  often  available  on  a  fee-for-service  basis 
that  they  cannot  afford  (Carnegie  Council  for  Adolescent 
Development  1992).  Based  on  current  anecdotal  and  sta- 
tistical evidence,  it  appears  that  improving  access  to  aca- 
demic enrichment  programs  and  other  types  of  youth 
development  oi)portunitics  is  a  worthy  investment — an 
investment  that  is  likely  to  enhance  student  interest  in 
learning  and  their  ability  to  achieve  in  school. 

Improvements  for  the  Future: 
Assessing  Achievement  and 
Revising  Standards 

Improvements  in  Assessing  Achievement 

The  United  States  has  relied  upon  standardized  tests 
to  evaluate  learning  because,  in  part,  these  tests  are  rela- 
tively inexpensive,  easy  to  administer,  and  efficient  in 
determining  both  individual  and  aggregate  scores.'  Tlie 
most  commonly  used  tests  include  the  California  Achieve- 
ment Test,  the  Comprehensive  Test  of  Basic  Skills,  the 
Iowa  Test  of  Basic  Skills,  the  Survey  of  Basic  Skills  of 
Science  Research  Associates,  the  Stanford  Achievement 
Test,  and  the  Metropolitan  Achievement  Test. 

'Hiese  tests,  however,  have  met  with  skepticism  and 
questions  about  their  validity  and  comprehensiveness. 
Concerns  raised  about  standardized  tests  include  their 

♦  emphasis  on  low-level  thinking; 

♦  inability  to  test  process  or  method; 

♦  inability  to  test  depth  of  knowledge; 

♦  inability  to  capture  various  levels  of  thinking  (e.g., 
to  award  partial  credit  for  a  correct  approach  but  a 
wrong  final  answer):  and 


'Phis  reliance  has  ^rown  over  ihe  years.  "Keveniies  from  sales  ol 
tesis  used  in  elenieniars'  and  secondary  schools  more  (han  doubled  (in 
consiaiii  dollars)  between  I9li0  and  V.W.  a  period  during  which  slii- 
dent  enrollments  prew  by  only  15  percent"  (OTA  11)92.  \).  'M. 
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♦  UMuloncy  lo  U^ad  icacluM's  lo  "Irach  lo  ilu*  Usf  by 
cMni)hasizinu  li*>s  advanced  forms  ol  Irai'iiiiiK  in  ilu' 
curriculuin. 

This  laltor  practice  is  particularly  c.i^rcKious  when 
practiced  by  teachers  of  niinorily  sUideiils.  (See 
"Standardized  Tests  aiul  Minority  Studeius/') 

Accordintr  lo  one  recent  study  funded  by  the  National 
Science  foundation  and  conducted  by  the  Center  lor  the 
Study  of  Testin.i^,  Kvaluation.  and  l-'ducational  Policy, 
It'achers  are  dissatisfied  wUh  the  standardized  tests. 
Over  60  iKM'cent  of  2,229  mathematics  and  sci(Mice  teach- 
iM-s  in  tirades  4  throu,iTh  i:^  surveyed  felt  that  standard- 
ized tests  nei^atively  affected  student  learnin.u:.  "The 
mandated  testiau  caused  narrowin.t^  and  fra.u[mentin.u:  of 
the  curriculum,  limited  the  nature^  of  thinkui.u:.  or  forced 
them  to  rush  too  much  for  students  to  learn  well" 
(Madausetal.  1992,  p.  IG). 

Th(*  study  also  I'ound  that  the  content  covered  by 
mathematics  and  science  standardized  t(*sts  was  not 
well-balanced  (Madauset  al.  1992.  j).  K)).  The  math  tests 
rmphasize  number  systems  and  tluM)ry,  and  minimize 
|)robability,  altjebraic  thinkin.ij:.  measurement,  and  .i^eom- 
etiy.  Similarly,  the  science  tests  emi)hasize  life  sciences 
and  minimize  i)hysical  sciences.  The  standardized  math- 
iMiiatics  tests  ask  questions  demanding  hi.tJjher  order 
thinking  skills  only  3  to  5  percent  of  the  time  (Madaus  et 
al.  1992.  j).  12).  Only  (S  i)ercent  of  the  standardized  sci- 
ence test  questions  ask  students  to  api)ly  procedural 
skills  toward  i)roblems  and  exi)erimenls:  most  do  not 
stress  application  of  knowled.i^e. 

Recently,  there  has  been  a  jxood  deal  of  activity  amon.t^ 
some  organizations  and  in  some  states  to  desijjjn  new 
assessment  instruments.  These  luwv  assc^ssment  tools 
are  being  designed  to  (1)  track  i)r()gress  over  time,  (2) 
show  how  individuals  learn,  (o)  assess  educational  pro- 
grams, (1)  indicate  curriculum  or  teaching  changes 
needed  for  improvement,  and  (f^)  inform  policymakers 
about  educational  i)rogress  (Arter  and  Si)andel  1991), 
rhese  lunv  tools  will  have  to  grapple  with  many  of  the 
problems  discussed  above. 

Although  there  are  some  i)romising  new  approaches, 
test  directors  and  researchers  are  concerned  about 
(luick  implementation  without  sufficient  investigation  of 
the  new  tests'  effects.  Also,  while  the  intention  of  the 
new  assessment  tools  is  to  have  them  closely  aligned  to 
new,  more  demanding  curriculum  standards  and  better 
instruction  i)racticcs.  assessments  are  also  exi)ected  to 
motivate  students.  Many  are  concerned  that  tin*  same 
instruments  caimot  accomplish  so  many  divcM'se  tasks. 
Still,  a  number  of  new  assessment  approaches  warrant 
continuing  development. 

Alternative  forms  of  assessnuMit  to  test  students  on 
hi,gher  order  thinking  skills  and  concept  application 
i*ather  than  on  rote  memorization  are  now  bcMiig  devel- 
oped. Some  of  these  arc  discussed  below. 


Constructed  Response  Items,  ConstructcHl  resi)()nse 
test  items  are  ()i)en-en(le(l  qu**stions  that  ask  students  to 
derive  and  exi)lain  their  answers,  llie  format  lends  itself 
to  more  indeinh  assessment  of  higher  order  thinking,  and 
it  can  be  n^adily  standardized  and  scored  w-ith  ndatively 
high  validity  levels.  According  to  the  Office  of  Technolo.g}' 
Assessment  (oi'A  1992),  constmcted  response  items  can 
be  beneficial  because  they 

♦  may  be  more  similar  to  tasks  that  are  familiar  to  stu- 
dents; 

♦  may  better  refiect  complex,  real-world  learning  situ- 
ations; and 

♦  evoke  answers  that  minimize  student  guessing  and 
j-andom  answer  selection. 

Also,  items  can  be  scored  so  that  students  can  gel  i)ar- 
tial  credit  for  partially  corrcan  answers.  For  these  rea- 
sons. WV.V  and  some  state  assessment  pt'ograms  use 
constructed  response  items. 

Performance-Based  Assessments,  This  method  of 
assessment  asks  students  to  "create  an  answer  or 
product  that  demonstrates  their  knowledge  or  skills" 
(crrA  1992.  p.  5).  They  may  take  the  form  of  any  num- 
ber of  tests  that  evaluate  student  performance  includ- 
ing conducting  experiments,  answering  open-rc^sponse 
(luestions,  computing  mathematics  equations,  present- 
ing an  oral  argument,  writing  an  essay,  and  creating  a 
l)ortfolio  of  work  accomplished  throughout  the  school 
year.  According  lo  the  Office  of  Technology 
AssessmiMit  (oTA  1992,  i).  IS),  performance-based 
assessments  generally 

♦  allow  students  to  criv^te  their  own  resi)()nse  rather  than 
to  choose  between  stnvral  already  created  answei-s; 

♦  are  eiiterion-rt^ferenced.  oi'  p/i'ovicle  a  standard  accord- 
ing to  which  a  student's  work  is  evaluated  rather 
than  in  comparison  with  other  students; 

♦  concentrate  on  the  i)roblem-solving  |)rocess  rather 
than  on  just  obtaining  the  correct  answer;  and 

♦  require  that  trained  teachers  or  others  carefully 
evaluate  the  assessments  and  i)rovide  consistency 
across  scorers. 

Performance-based  assessment  has  been  gaining  sui)- 
I)ort  as  an  alternative  or  sui)i)lement  to  traditional,  stan- 
dardized tests.  P»-oponents  suggest  that  i)erformance 
assessnuMits  more  closely  Wuk  assessment  and  instnic- 
tion,  more  accurately  measure  the  mathematic  and  sci- 
entific skills  and  knowledge  advocated  by  the  NC  'l'M  stan- 
dards, and  allow  a  more  complete  account  of  student  aca- 
demic development.  By  December  1992,  Hi  Stales 
repoiled  implementing  some  sort  of  performanct^-based 
assessment,  while  28  others  rei){)rted  i)lanning  or  i)ilot- 
ing  stages  of  performance  assessments  (Pechman  and 
Ixiguardal993). 
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Standardized  Tests  and  Minority  Students 


Researchers  have  found  thai  standardized  tests  are 
particularly  harnilul  lo  minority  students.  For  exam- 
ple, Lomax  el  al.  (1992)  reporl: 

Minority  classes  are  receivin.c:  less  quality 
instruction  in  these  content  aieas  in  favor  of  more 
instruclion  lo  prepare  for  the  mandated  test  ...  hi 
addition,  these  standardized  tests  reflect  low  level 
conceptual  knowledj^c,  low  level  thinkin^^,  and  a 
lack  of  procedural  knowled.^e  in  science,  with  an 
over-emphasis  on  ali^orithnis  and  formulae  in 
mathematics.  Such  tests  are  driving  instruction, 
particularly  for  minority  students  (i).  15). 

Recently  released  results  from  the  1992  N.\i: P  mathe- 
matics assessments  lend  support  to  this  j)()sition.  Tlie 
1992  XAl-P  measured  student  performance  on  three 
types  of  questions: 

♦  multiple  choice  (juestions: 

♦  re^^ular  constructed  response  questions,  which 
require  relatively  short  answers  of  a  few  sentences 
each:  and 

♦  extended  constructed  response  questions,  which 
require  deeper  thout^ht  and  more  elaborate  re- 
sponses. 

Figure  1-17  suggests  that  the  gap  between  whites 
and  blacks  and  Hispanics  is  large  when  responses  to 
the  more  challenging  types  of  questions  are  compared. 
For  example,  al  the  eighth  grade  level,  whites  correctly 
answered  (iO  percent  of  nuiltipk*  choice  questions,  59 
percent  of  regular  constructed  response  questions,  and 
10  percent  of  extended  constructed  response  ques- 
tions. I^^lacks  coirectly  answcM't^d  42  percent  of  multiple 
choice  questions,  3()  percent  of  regular  constructed 
response  questions,  and  2  percent  of  extended  con- 
structed response  questions. 


Figure  1-17. 

Average  percentage  correct  on  each  type  of  NAEP 
mathematics  question:  1992 
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OiU'  lonii  ot'  i)(M*i()nuaiicc-l)ast'(i  a>s('>snuMU  is  lyonro- 
lio  assrssnirnt.  Sludonis  coiupiK'  and  subiuii  a  colk'Clioii 
ol  work  in  a  sjM^rific  suhjcci  area  (.-(HupU'icd  duriiitr  a 
.uivcn  i)(M*i()d  {)(■  lime.  Siii)i)()rl('rs  armu-  thai  porlloHos 
«MK'()ura.u:c  siudrnis  lo  work  lo  llu'ir  hfsi  al)ilili(^s  aiuJ 
c-onsiaiuly  improve  llu'ir  work.  Acx'ordiivu  lo  Arlcr  and 
^l)an(iol  i)oilU)li()s  can 

♦  provide  a  more  conipk'U'  piciure  ol  suukMU  al)iliiy 
l)y  iucorporaiini^  lucasurt'S  siK'h  as  uiolivaiion  and 
ptM-sislcncc: 

♦  capuirc  sludrnls' ihou.i^ht  i)roa-ss('s: 

♦  share  with  sludcnls  the  basis  upon  which  ihcy  arc 
judt^cd,  and  ihus  aH.^n  cxpcclaiions  and'  i)cM'U)r- 
niancc  with  asscssnicnl:  and 

♦  (hspkiy  a  chronoio.trical  ch'V('h)pnU'in  oi  sludcni 
l)r()txress. 

However,  whin'  ihc  jjorUolio  nicihod  is  usclul  for 
(kniM'ininin.ix  a^grc^atc  snccoss,  a  rcccni  study  rcpons  a 
^iuniilcani  hick  ol  consi^tcncx'  Ixnwrcn  portfolio  scor- 
(.j-s — a  hick  irrcal  ciiou.^h  to  ch'aw  die  method's  use  into 
question  as  a  rehabk*  indicator  of  individual  success 
iKoretz  el  ah  \\)\)2),  Tliis  study  su.Uk'csls  a  need  for  bet- 
ter trainint^  of  scorers,  Furtherniore,  because  many  scor- 
(•rs  are  also  teachers,  the  discrci)aricy  in  scores  may 
point  to  a  lack  of  underslandin.i^  or  consensus  of  what 
scorers  should  look  for  as  well  as  of  what  teachers  leach 
in  the  classroom. 

Experiments  are  anollver  useful  form  of  performance- 
based  assessment.  This  method  of  assessment  was  used 
in  a  rtTeni  lAi:P  study  which  evaluated  the  mathematics 
and  science  skills  of  over  :U)j)0()  students  in  four  coun- 
tries and  five  Canadian  provinces.  Students  were  tested 
on  procedural  tasks  which  they  ijerlormcd  in  front  of  an 
ol)seiT(M*,  In  scicMice.  a  majority  of  the  questions  asked 
siudeius  to  draw  oil  knowk'd.u:e  conceriiin.c:  the  i)liysical 
sciences  and  the  nature  of  science:  in  math,  students 
conceiiiraled  on  measurement  and  t^H^ometn*.  The  lAKl' 
(Nei>  UH)2e,  p.  ())  researchers  disc{)Vered  the  I'ollowin.tr. 

♦  Scores  varied  widely  from  task  to  task,  su.i^ircstin.tr 
that  the  measures  tap  a  rantTe  of  skills  and  knowl- 
edt^e. 

♦  Scores  on  the  various  tasks  varied  siirnifinuitly  be- 
twtMMi  countries/ provinces  in  systematic  ways,  indi- 
catin.e  real  differencts  in  performance  between  the 
various  i)opulati()ns. 

♦  The  rehiiive  performances  of  countries  and  provinces 
w(>re  .generally  different  from  those  identified  by 
the  wrillcMi  Ksts  c()verin.i^  related  curriciilar  areas, 
su.ir^^estin.tx  that  this  method  of  assessment  let  stu- 


I  niicd  siaies  (l(ri(i<-(l  iml  lo  i);tr(KiiKm'  in  ihc  projtvi  niiiil  it 
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dents  demonstrate  their  skills  in  ways  that  were  not 
l)ossible  with  traditional  written  tests.- 

Trends  Toward  State  Frameworks  and  Higher 
Standards  for  Student  Performance 

Some  educators  and  policymakers  believe  that  the 
skills  and  knowledge  students  should  attain  must  be 
clearly  defined  and  must  emphasize  high-level  thinking. 
.\s  a  result,  there  has  been  a  good  deal  of  recent  work  to 
establish  frameworks  for  curriculum  and  set  high  stan- 
dards in  all  curriculum  areas.  Although  there  is  a  good 
deal  of  confusion  over  what  frameworks  and  standards 
are.  many  support  the  view  of  O'Day  and  Smith  (1992) : 

"A  common  vision  and  set  of  curriculum  frame- 
works establish  the  basis  in  systemic  curriculum 
reform  for  aligning  all  parts  of  a  state  instructional 
system — core  content,  materials,  teacher  training, 
continuing  professional  development,  and  assess- 
— to  support  the  goal  of  delivering  a  high-quali- 
ty curriculum  to  all  children"  (p.  25), 

In  this  view,  poiormancc  standards  describe  what  stu- 
dents should  know  and  be  able  to  do.  Curriculum  frame- 
works outline  the  content  expected  to  be  taught  in  core 
disciplines.  Most  importantly,  all  elements  of  the  broadly 
defined  education  system  arc  linked  in  a  common  effort 
to  accomplish  common  goals. 

Several  groups  have  been  involved  in  designing  frame- 
works for  science  and  mathematics  (e.g.,  NCTM.  the 
National  Research  Council,  the  National  Science  Teachers 
Association,  the  American  .Association  for  the  Advance- 
ment of  Science's  Project  2061).  but  establishing  frame- 
works and  setting  standards  is  largely  a  state  initiative.-" 

According  to  the  Council  of  Chi(T  State  School  Officers 
(cesso).  most  of  the  change  at  the  state  policy  level  has 
retlected  the  NCTM  standards  in  math.  This  process  is 
siill  in  its  initial  stages  of  implementation,  with  most 
States  on.y  i)iloting  sample  groups  of  schools  or  stu- 
dents. A  safe  estimation  of  activity  is  that  approximately 


AnotluT  notable  iliulinji  from  tiic  i.Vi-P  study  provides  insight  into 
I  lie  (HlTcnMU  <n'aleui<"^  siiultMits  from  different  covinlries  use  lo  corn- 
lasks,  Sliulenl  aiiproac'hes  ranjred  from  >,a[t'ssinj;-.  lo  eslimalinK. 
lo  calailalinir  prrcist'  answers,  (It'ix'ndin.ij  on  ihe  slratcRies  tauRhl  in 
I  ho  rcsptrlivc  counlrirs.  For  inslancf,  Taiwanosc  and  Scottish  stu- 
dents KMulrd  lo  usL'  precision  ()ver  esiiniation.  while  those  from 
Alberta  and  Saskatchewan  showed  a  preference  for  estimation  over 
p;"ecisi(Jii. 

\c  r\l  has  been  in  ihe  forefront  of  developing?  cuiriculum  standards 
in  nuilh.  and  is  frequenily  \ised  as  a  siron.ir  resource  and  ^^uideline  for 
Males  iiueresied  in  deveioi)in.tj  iheir  own.  Developed  by  professionals 
and  education  experts  from  l^)cS(h8S.  ih-  NCTM  project  subdivided 
trrades  inio  three  catej^ories.  K-l.  S-S.  and  9-12,  and  developed  13  spe- 
eillc  sialenu'iiis  about  what  eacli  K^nip  >hould  be  able  to  do  for  each 
subdivision.  Common  ihemes  throu)?hoiil  the  standards  include 
hands-on  aciiviiies.  access  to  quality  instruction  and  equipment,  coop- 
erative work,  problem-solving  tasks,  justification  of  thought  process, 
and  applicaiion  of  concepts  to  other  areas  outside  of  mathematics 
(\c  r\i  nW).  "Hie  National  Research  Council  of  the  National  Academy 
uf  Sciences  and  the  National  Academy  of  Knguieering  expect  to  devel- 
op science  cducaiion  standards  by  fall  1994. 
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half  of  [he  Slalos  have  (l{'V('l()i)(nl  or  aiv  nioviii.t?  toward 
cuniculuni  ft*aiiiewot*ks  in  malhemalics  or  sciciia*.  How- 
I'vcr.  L'xacl  dcleriniiialion  is  (iinicull  because  a  diffor- 
(*nce  in  ju(temenl  as  to  what  conslilules  a  now  curricii- 
liiin  trainework.  I^ick  of  cohesive  (k^lnilions  aniontr  offi- 
cials, policymakers,  praclilioiiers.  and  researchers  point 
to  one  problem.  Even  the  words  "frameworks"  and  "stan- 
dards" are  used  "idiosyncratically"  (Pechman  and 
IxiKuarda  m)?>). 

For  instance,  according  to  a  11)92  ccsso  sui-vey.  1!  1 
States  currently  have  curriculum  iVanieworks  rellectin^ 
the  N'CTM  standards,  and  17  others  are  revisin^^  their 
frameworks  to  reflect  the  NCrM  standards.  I'\)ur  States  ai*e 
(levelopinc[  frameworks  to  i^o  with  NCrM  standards  while 
six  States  have  no  such  frameworks.  The  same  study 
shows  tlial  ?)()  States  have  frameworks  in  scienc(\  while  IS 
are  developintr  them.  However,  a  1992-93  study  conducted 
informally  by  inter /iewin.ir  state  officials  by  lelei)h()ne 
determined  a  much  k)W(M'  level  of  state  [ictivily.  This  study 
found  that  only  15  States  hav(>  established  curriculum 
frameworks  in  math,  and  9  have  friimeworks  in  science. 
An  additional  15  Slates  are  (level{)pinK  curriculum  frame- 
works in  math,  and  16  others  are  developing  them  in  sci- 
ence (Pechman  and  La.Lruarda  199:-i).  Such  discn^pancies 
I)oinl  to  the  complex  nature  of  the  change  itself.  While 
chan^^es  at  the  policy  level  are  evident,  it  is  too  early  to 
determine  how  any  national  movement  toward  cutriculum 
frameworks  at  the  state  and  local  level  will  affect  teachin^^ 


l)ractices  in  the  classroom  and  sludent  learnin.q;. 

If  proK^ress  on  the  development  of  curriculum  frame- 
works is  sk)W,  it  is  reasonable  to  assume  that  the  more 
ambitious  .uoals  of  systemic  reform  will  be  particularly 
challen.LriiiK-  I^eceiit  research  su^K^'Sts  that  i)()ticymak- 
ers  are  .t^n-applinK  with  some  of  the  complexities  of 
reform.  As  Fuhrman  and  Massell  (1992)  report: 

"Systemic  reform  ideas  seem  to  require  unprece- 
d(Mited  efforts  to  inte.i^rate  separate  j)olicies.  new 
stratej^ies  of  policy  sequcMicin^.  novel  processes  to 
involve  the  public  and  professionals  in  setting  stan- 
dards, challen.i^es  to  traditional  politics,  complex 
efforts  to  balance  state  leadership  with  flexibility  at 
the  school  site,  extraordinaiy  investment  in  profes- 
sional development,  and  creative  approaches  to 
servin.u:  the  varied  needs  of  students.  To  compound 
the  challen.Lre.  states  are  facing  these  extremely 
(Unnandin.iT  issues  at  a  time  of  sevcMv  fiscal  difficul- 
ty" (p.  24). 

Despite  these  difficukies.  there  are  a  number  of  promis- 
int(  new  strategies  and  evidence  of  a  growing  coniinitmenl 
to  continue  the  expansion  and  inclusion  of  Ainerican  po|> 
ular  education,  (liven  the  complexity  of  the  task,  the 
Nation  s  commitment  to  raising  the  science  and  mathe- 
matics skills  and  knowledge  of  all  Americans  will  surely 
be  tested. 
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HIGHLIGHTS 


INTERNATION.U  COMPARISONS 

♦  Asian  countries  emphasize  science  and  engi- 
neering in  their  education  systems  more  than 
do  European  or  North  American  countries,  la 
1990,  six  Asian  countries  produced  more  than  a  half- 
million  natural  science  and  engineering  (NS^^cK)  biich- 
elor  degrees,  slightly  more  than  the  number  of  NS&t: 
degrees  produced  in  Europe  and  North  America 
combined.  Also,  Asia's  ratio  of  NS&E  degrees  to  total 
first  university  degrees  is  higher  than  in  Europe  or 
North  Aiierica. 

♦  Compared  to  other  countries,  a  high  percentage 
of  U.S.  students  receive  a  university  education. 
In  1991,  31  percent  of  the  r.S.  college-age  cohort 
obtained  a  university  degree,  a  proportion  second 
only  to  Canada's. 

l:.S.  Higher  Edi  cation  Instititions 

♦  Enrollments  in  hi^^her  education  doubled  between 
1967  and  1991.  In  1991,  14  million  students  were 
enrolled  in  3.600  institutions.  The  largest  rates  of 
growth  in  student  enrollments  occurred  in  2-year 
community,  junior,  and  technical  colleges  and  in 
"comprehensive"  schools. 

♦  Degrees  in  higher  education  reached  1.9  mil- 
lion in  1991,  of  which  500,000  were  in  sci- 
ence and  engineering.  As  in  past  years,  most  S&E 
degrees  were  produced  by  research-intensive  and 
comprehensive  schools  at  the  bachelors  and  masters 
levels,  and  by  research-intensive  and  doctoral-grant- 
ing universities  at  the  doctorate  level. 

UNDERGRADl  ATE  STT  DENTS  AND  DEGREES 

♦  Undergraduate  enrollments  increased  3  percent 
a  year  between  1986  and  1991.  Part  of  this 
increase  is  due  to  higher  participation  rates  by  older 
students,  women,  and  minorities.  By  1991,  66  percent 
of  the  12,4  million  students  enrolled  in  undergrade 
ate  institutions  were  women  and  minorities. 

♦  Freshmen  interest  in  S&E  majors  is  increasing. 

The  percentages  of  underrepresented  minorities 
planning  to  study  physics,  biology,  and  engineering 
doubled  in  the  last  20  years.  National  Merit  Scholars, 
who  showed  declining  interest  in  the  NS&E  in  the  late 
eighties,  expressed  incre  sing  interest  in  these 
majors  between  1989  and  19U2. 


♦  Engineering  enrollments  have  increased  since 

1990.  This  increase  is  attributable  to  participation 
by  women  and  minorities,  whose  total  enrollment 
reached  116,000  in  1991 — or  31  percent  of  all  under- 
graduate engineering  enrollment. 

♦  Degrees  continued  to  decline  in  some  S&E  fields. 

Between  1986  and  1991,  the  absolute  number  of 
degrees  in  engineering  and  mathematics/computer  sci- 
ence fields  showed  a  continual  decline.  In  1991,  how- 
ever, there  was  an  upturn  in  natural  science  degrees 
due  to  increased  participation  rates  for  females. 

♦  Women  and  minorities  obtained  an  increasing 
percentage  of  S&E  degrees.  Women  obtained  45 
percent  of  all  bachelors  degrees  in  the  natural  sci- 
ences in  1991.  Tlieir  participation  rate  in  engineering 
degrees  grew  from  2  to  16  percent  between  1975  and 

1991.  Underrepresented  minorities  (blacks,  His- 
panics,  and  Native  Americans)  modestly  improved 
their  participation  rates  in  S&E  degrees,  from  9.5  per- 
cent in  1977  to  10.7  percent  in  1991, 

Graduate  Students  .•xnd  Degrees 

♦  Graduate  student  S&E  enrolbnents  grew  steadily 
at  a  rate  of  2  percent  per  year  from  1977-91. 

Much  of  this  growth  was  driven  by  large  increases  in 
the  numbers  of  women  and  non-l'.S.  citizens  entering 
these  programs.  By  1991,  more  than  one-third  of 
graduate  s&E  students  were  female  and  another  quar- 
ter were  foreign  citizens. 

^  Masters  degrees  in  the  natural  sciences  ob- 
tained bv  males  declined  by  one-third  between 
1975  and  1991.  Tliis  decline,  fiom  12,000  to  8,000 
degrees,  was  somewhat  offset  by  increasing  numbers 
of  degrees  to  females. 

♦  At  the  doctorate  level,  the  number  of  engineer- 
ing degrees  grew  at  a  faster  rate  them  any  other 
field.  Engineering  degrees  grev;  6  percent  annually 
since  1978,  reaching  over  5,000  degrees  in  1991. 

♦  Foreign  students  continued  to  increase  their 
percentage  of  U.S.  doctoral  degrees  in  S&E.  In 
1991,  foreign  students  obtained  over  25  percent  of  all 
natural  science  degrees,  over  40  percent  of  mathe- 
matics/computer science  degrees,  and  over  45  per- 
cent of  engineering  degrees. 


Science  &  Engineering  Indicators  -  1993 
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♦  Asian  countries  depend  on  i  .s.  graduate 
schools  to  educate  a  significant  proportion  of 
their  doctoral  students.  Moreover,  more  than  three 
limes  as  many  Asian  doctoral  r(^cipients  planned 
to  stay  and  work  in  the  United  Slates  as  Si^E  doctor- 
ate-holders from  the  Americas  and  Europe. 


Financial  Supi>ort 

♦  By  1991,  research  assistantships  wei^  28  per- 
cent of  the  primary  support  for  S&H  graduate 
students.  Fueled  by  ^rowin^?  university  research 
funding,  research  assistantships  and  teaching 
assistantships  have,  over  the  last  20  years,  displaced 
fellowships  and  traineeships  as  the  major  graduate 
support  mechanism. 


Introduction 

Chapter  Background 

HiKdier  education  in  science  and  enKineerin.i:  ls\K)  is 
an  issue  ol'.urowing  importance  boili  nationally  and  .^lob- 
ally.  To  hiKdili.uht  key  asi)ects  of  that  issue.  th(^  indicators 
in  this  chapter  have  been  grouped  into  the  followin.i: 
topic  areas. 

♦  (Uobal  education  levels.  Access  to  higher  education 
has  implications  for  the  skill  levels  and  technoloKn- 
cal  capabilities  of  a  society,  and  it  is  useful  to  com- 
pare university  degrees  across  countries  in  three 
world  rei^ions  that  currently  dominate  global  eco- 
nomic .trrowth:  Asia,  Europe,  and  North  America. 
Comparisons  are  made  of  the  pailicipation  rates  ol 
college-a.tre  cohorts  in  s.K:K  degrees,  and  of  differ- 
ences in  access  to  university  education  for  males 
and  females  in  selected  countries. 

♦  Charactcmtics  of  U.S.  institutions  that  grant  degrees 
in  ss:h:.  Tniversities  and  colleges  are  classified  to 
^how  in  which  types  of  institutions  students  obtain 
the  majority  of  S.^H  degrees  at  different  de.txree  lev- 
els. Data  on  undertrraduate  instruction  in  science 
fields  are  .i^rouped  by  tyi)e  of  institution  to  show  dif- 
ferences in  aspects  of  Sv^i-:  education,  e.g.,  the  pro- 
portion of  teaching  between  full-time  faculty  and 
teaching  assistants. 

♦  Characteristics  of  the  US.  student  population  at  the 
undergraduate  and  graduate  levels.  For  several 
years,  there  has  been  national  concern  over  the 
declinin^^  interest  of  American  students  in  studying 
NK:K  at  the  higher  education  levels.  However,  recent 
data  on  freshman  major  choices,  enrollments,  and 
degrees  indicate  an  increasing  interest  in  s.K:l-:  edu- 
cation, hiitial  indicators  show  a  turnaround  in  inter- 
est in  SvK:K  on  the  pan  of  all  students,  and  successful 
degree  completions  in  Sc^K  by  rising  numbers  of 
women  and  underrepresented  minorities, 

♦  Foreign  students  in  U.S.  higher  education.  The  f,s. 
higher  education  system  plays  a  significant  role  in 

O      training  the  ScV:K  human  resource  base  in  other 
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countries.  l\S.  academic  institutions  attract  many 
highly  qualified  foreign  students  who  i)ersist  in 
advanced  study  and  research  and  obtain  doctoral 
(le.i^rees  in  science  and  t'n,uineerin.t^.  The  number  of 
forei.i^n  students  in  graduate  ^M-.  i)!-o.i^rams  has 
grown  so  t'ast  that  they  now  account  for  almost  half 
of  the  doctorates  awarded  in  M^me  nvI-:  llelds. 

Chapter  Organization 

This  chapter  is  or.i^anized  into  live  major  i)arts.  The 
first  begins  with  a  broad  picture  of  international  educa- 
tion levels  to  pnwide  a  context  for  t',^,  higher  (nlucation 
in  science  and  en.dneerin^.  This  discussion  makes  use 
of  a  new  global  database  on  human  resources  lor  science 
in  order  to  compare  bachelors  level  university  degrees  in 
the  natural  sciences,  social  sciences,  and  en.uineering. 
Decree  data  in  these  fields  are  available  for  (i  Asian 
countries,  22  Kuropean  countries,  and  :]  North  American 
ct)untries. 

The  second  part  shifts  to  the  I'niied  States,  and  i)ro- 
vides  a  brief  ovciamcw  of  hi.ijher  education  for  all  levels 
and  llelds  of  study,  h  addresses  indicators  related  to  the 
characteristics  of  r.s.  academic  institutions,  including 
the  different  types  of  institutions  that  award  S.^cK  de.urees 
at  various  levels.  New  data  are  included  on  the  hours  of 
instruction  undergraduates  receive  iVom  full-time  faculty 
versus  teaching  assistants  in  selected  science  fields  at 
different  types  of  institutions. 

The  next  pai1  focuses  on  indicators  of  undergraduate 
ScK:!-:  enrollment  and  degrees,  providing  more  disaggrega- 
tion in  llelds  of  science  in  r,S.  higher  education  than  was 
possible  for  the  international  education  discussion.  For 
the  first  time  in  the  Science  .c-  Engineering  Indicators 
seiles,  the  chapter  includes  data  on  associate  de.t(rees  in 
s^v;:!-.  and  in  en.trineering  technology;  it  also  presents  infor- 
mation on  technical  education  in  Japan  and  Cicrmany, 

'Hie  fourth  part  of  the  chapter  describes  the  graduate 
Sv"s;i':  student  population  by  sex  and  race/ethnicity  as  well 
as  chizenship,  and  provides  new  data  on  tlie  stay  rates  of 
foreign  doctoral  recipients  by  countiy  of  origin. 

The  final  part  of  the  chapter  provides  information  on 
major  sources  of  financial  support.  Although  data  on 
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und(M*(j:ra(luale  sludenls  nvc  liiniie(L  data  on  ^radualo 
siudcMUs  in  science  and  cn^^inocrinj?  are  more  exten- 
sive, coverinjr  the  primary  source  and  mechanism  of 
support  in  various  ScK:H  fields  for  r.s.  citizens  and  for- 
cit^n  sludenls. 

International  Comparisons 
First  University  Degrees' 

The  following  discussion  c()mi)ares  access  to  hi.t^^her 
educalion  in  (general  and  lo  the  study  of  sci\...je  and 
enpjineerinp:  in  particular  within  three  rcjjjions — North 
.\merica.  Europe,  and  Asia.  'ITie  Norlh  American  region 
includes  Canada,  the  United  Stales,  and  Mexico.  The 
European  re^xion  includes  22  countries  for  which  data 
were  available.  (See  appendix  table  2-1.)  The  Asian 
rejxion  includes  only  six  countries — Chhia.  hidia.  Japan. 
Sinj^apore.  South  Korea,  and  Taiwan — btit  thesc^  six  rep- 
resent 77  p(M'cenl  of  Asia's,  and  44  percent  of  the  world's. 
l)opulalion. 

Asia,  rhe  six  Asian  c{)unlries  annually  produce  more 
than  0.5  million  nalural  science  and  en^?ineerin^?  (NS^S-i:) 
lirsl  university  dej^rees — sli.i^hlly  more  than  the  number 
of  NScKrK  dep^rees  produced  in  Europe  and  North  America 
combined.-'  (See  lexl  table  2-1.) 

The  percentage  of  the  college-age  cohoil— i.e..  of  22- 
year-olds — who  obtain  a  higher  education  degree  varies 
widely  among  Asian  eotmtries  by  level  of  economic 
develoi)menl.  For  example,  only  about  1  percent  of 
China's  127  million  22-year-ol(ls  receives  a  university 
degree;  this  is  the  lowest  participation  rate  in  university 
educalion  of  all  the  countries  listed  in  figure  2-1.  On  the 
other  hand.  22  percent  of  Japan's  9  million  22-year-olds 
receive  a  university  degree — a  partici|)ati()n  rate  some- 
wlial  approaching  thai  of  Ihe  United  States  {'M  percent). 
I-\>r  the  Asia  region  as  a  wliole.  only  about  4  percent  of 
the  college-age  cohort  receives  a  university  degree,  com- 
pared to  1 1  percent  in  liurope  and  24  percent  in  North 
America. 

Although  only  about  1  percent  of  the  220  million  22- 
year-olds  in  Asian  countries  receive  NSiv::!-.  degrees  (com- 
pared to  3  percent  in  Europe  and  4  percent  in  North 
America — see  appendix  table  2-1).  the  ratio  of 
degrees  lo  total  first  university  degrees  is  higher  in  Asia 
than  in  the  other  two  regions.  Within  NSc'CrK,  there  are 
significant  variations  by  country,  hi  China.  37  percent  of 
all  first  university  degrees  are  in  engineering,  while 
India  only  awards  4  percent  of  these  degrees  in  this 
field  and  20  percent  in  the  natural  sciences.  Japan 


Text  table  2-1. 

First  university  degrees  In  S&E,  by  region:  1990 


'Data  in  tliis  section  iirc*  primarily  takrn  Irom  Scieiico  Rcsoura^s 
Studies  Divisioii.  National  Science  Foundation,  (ilobal  Database  on 
Human  Resources  for  Science  and  EnKineerin«. 

-Note  thai  in  these  international  comparisons,  the  natural  sciences 
include  the  mathematical  and  cominuer  sciences  as  well  as  the  biologi- 
cal and  agricultural,  environmental,  and  physical  sciences. 


Field 


North 

Asia         Europe  America 


All  first  university 

degrees    1.673.901      813,650  1.356.618 

Natural  sciences  .  .  .  252.767      124,000  128.483 

Social  sciences .  .  .  .  95.071      104.205  201,210 

Engineering   261.410      134,813  118.704 

See  appendix  table  2-1  Scionce  <S  Engmeenng  Indicators  -  W93 


awards  20  pei'ccnt  of  its  first  university  clo^rrces  in  cn^^i- 
ncering,  and  6  percent  in  the  nalural  sciences.  (See  flex- 
ure 2-2.) 

Europe,  Like  Asia,  the  Central  Iiuropean  cotiniries — 
until  recently — had  very  hi^h  ratios  of  NS^K:!-:  de^^rees  lo 
total  first  university  decrees.  When  those  economies 
were  under  Soviet  influence,  science  and  en.cjineerinj?  in 
higher  education  was  emphasized  as  a  way  lo  build  the 
communist  state.  Before  its  collapse,  the  Soviet  Union 
had  the  highest  ratio  in  the  world  of  22-year-olds  with 
NS(!C:I-:  dej:?rees — 9  i)ercent.'  As  countries  such  as  Poland 
and  Hunp^ary  continue  to  evolve  toward  more  open 
economies,  their  universities  are  providinj^  moi'o  oppor- 
tunities to  study  non-ScKrl*:  fields:  Consequently,  their 
ratios  of  NS<K:l':  degrees  to  total  first  university  dep^rees 
are  declininj?. 

Among  Western  European  countries,  (Germany  has 
the  highest  percentage  of  college-ag^*  poptilatiou  with 
NScS:!-:  degrees — 5  percent  if  Fachhochschulen  (4-year 
degrees)  are  included,  and  3.5  percent  if  only  5-year  uni- 
versity degrees  are  considered.  Spain  has  the  highest 
university  participation  rate  in  all  of  P2urope — 19  percent 
of  its  college-age  cohort.  Spain*s  University  Reform  l>aw 
in  1983  and  subsequent  curriculum  reforms  increased 
university  graduates  in  science  and  engineering 
(Education  Newsletter  1992).  Between  1975  and  1990, 
NSc^l-:  degrees  in  Spain  increased  from  1  to  3  percent  of 
the  college-age  cohort. 

North  America,  In  the  Norlh  American  region. 
Mexico  has  the  highest  ratio  of  NS&E  degrees  lo  total 
degrees:  25  percent  of  all  first  university  degrees  in 
Mexican  universities  are  awarded  in  engineering.  In  con- 
trast, only  6  percent  of  all  first  university  degrees  in 
Canada  and  7  percent  in  the  United  States  are  in  engi- 
neering. However,  Mexico's  university  system  is,  like 
that  of  European  countries,  very  elite.  Just  8  percent  of 
the  college-age  cohort  obtains  a  university  degree. 
Participation  rates  in  university  education  9re  four  times 
higher  in  Canada  and  the  United  States  than  in  Mexico. 


'Many  of  these  were  in  fngineerinf?  technolopry. 
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Figure  2-1 . 

Percentage  of  22-year-olds  with  first  university 
degrees  in  natural  sciences  and  engineering, 
by  country:  1990 
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NOTE.  Belgium  data  are  for  1988;  data  for  Aloama.  Czechoslovakia, 
and  Portugal  are  for  1989.  and  data  for  Austna.  Finland.  Greece. 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991 


See  appendix  table  2«1 
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Participation  Rates  in  NS&E  Degrees  by  Sex 

AccTSS  U)  Ns^rK  (le^^^rces  differs  anions  countries  and 
rc\uions,  but  it  varies  still  more  by  sex  of  students.  (Sc»e 
text  table  2-2.)  In  all  countries  for  which  NS.^K  decree 
(lata  arc  available  by  sex  of  recipient,  males  receive  tlie 
nverwhelminp:  majority-  of  such  awards.  Japan  has  the 
O    p^hest  proportion  of  male  colle^c-aj^e  students  who 


obtain  a  fiisi  university  de.irree  in  \s\K  (II  pcMvent),  i)ui 
the  lowest  propoilion  of  females  (fewtM*  than  1  percent). 
Ainon.ic  lite  countries  studied,  South  Korean  females 
liave  the  hi.ixhest  participation  t*ale  in  NSc"<:l-:  de.urees.' 
luiropeati  women  iiave  a  sli.trhtiy  iii.i^^her  participation 
rale  in  NScVl-.  (le.c:rees  than  do  women  in  other  Asian 
couiuries  and  in  lite  I  'niled  States. 

In  tc^rms  of  all  first  university  de.uree  awards.  South 
Korean  wonuMi  have  the  hi.u^hest  participation  rate  (15 


lliis  aiTi-ss  to  sXl  di'^HH'^  docs  not  yi't  iianslalt*  into  a  \\\^h  pro- 
Ihnnioii  ol  h-inaU's  in  ilu-  Kor»'aii  vv;i  worktotH'c.  however  (Jamison 
1^1^12). 


Figure  2-2. 

Science  and  engineering  degrees  as  a 
proportion  of  all  first  university  degrees, 
by  country:  1990 

Percent 
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NOTE:  Belgium  data  are  for  1988:  data  for  Albania.  Czechoslovakia, 
and  Portugal  are  for  1989:  and  data  for  Austria.  Finland.  Greece. 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991. 

See  appendix  tat5le  2-2.       Science  &  Engmeenng  Indicators  -  1993 
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in  rffiiM  ol  any  Asian,  l!iir()|)can.  or  North  American 
<«»uniry  r\cv\)[  the  rniled  Slates  OOS)  i)crc(MU).  By 
riirrcnl  world  s'uinda.'ds.  Ja[)an('S('  and  Taiwanese 
A I  linen  art*  also  highly  educated,  and  are  more  likely  to 
i^'Cfive  a  tiniversity  etiiicaiion  than  ("emales  in  iM'ance. 
dermany,  or  tlie  Tnited  Kin.i^dom.  (See  ai)pendix  table 
■_' :;.) 

Characteristics  of  Higher 
Education  Institutions 

There  are  'AXA  1  (l.jHI)  public  and  2.015  i)rivale)  insli- 
imions  of  hiirjuM-  education  in  the  United  Stales  (HEP 
In  1991.  these  institutions  enrolled  14  million 
-^ludtius  and  awarded  almost  2  million  de.izrees.  a  quar- 
irr  ol  whicii  were  in  (See  figure  The  Carne.uie 
1-oundalion  lor  the  Advancement  of  Teaciun.iz  has  clas- 
-^nicd  thosi'  institutions  imo  U)  cale^Dries  l)ase(i  on  the 
--i/r  ol  their  baccalaureate  and  graduate  de.trree  pro- 
^raiUN.  tlu*  amount  of  research  funding  ilu^y  receive, 
md — lor  liberal  art^  school>  —their  selectivity  ol  stii- 
(U-niN.  I'irsi  introduced  in  i97().  and  pei  iodically 
rrvised  since,  the  classification  sciieme  iielps  identify 
thoM*  M'hools  lhai  make  the  most  significant  contribu- 
lioiiN  In  rducalion  in  the  Tnited  States.  See 
'\  la^^ilicalinn  ol  Academic  Institutions"  lor  a  brief 
(U'scription  of  the  Carnei^ie  cate.t^ories  used  in  this 
I  iiapler. 

rite  number  of  students  enrolled  in  i  .s.  institutions  of 
higher  education  (loui)led  betW(HMi  19(^7  and  1991.  risin.i^ 
from  almost  7  million  to  14  million,  l^y  type  of  institution, 
the  largest  rates  of  in  student  enrollmenls 

occiuTcd  in  two  categories:  jl-year  community,  junior, 
and  technical  colle.i^es:  and  comprehensive  schools. 
I'inrollinenl  at  these  institutions  .irrew  at  annual  rates  of  (i 
and  percent,  respectively.  (See  fi.smre  :M.)  hi  contrast, 
enrollmem  at  liberal  arts  schools  and  research  universi- 
lieN  increased  about  1  i)ercent  annually  for  the  last  Z) 
\ears.  (See  appendix  table  2-U 

Institutions  With  S&E  Programs 

Uiflerent  cat(\uories  of  acadcMiiic  instituti(His  i)red()mi- 
nate  at  each  dej.M*ee  level.  This  section  hit^hli^^hts  the 
dominant  Carnegie  classes  awarding;  associate,  bache- 
lors. mast(Ts.  and  doctoral  dej?rees  in  science  and  en^i- 
ne<-rin.u. 


Text  table  2-2. 

First  university  degrees  in  NS&E,  by  sex 
and  country 
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riir  .l;ii)an«'M'  IrtuHTial  (lovcninu  iil  rt  ^tricicd  hitrluT  cclucalion  at 
ill.-  i}iai«>r  iiiiivrrsnii  s  in  Kori'a  dtirini,'  its  HM).")  !.")  (Jifupaiion.  but 
.iIIowimI  niissioiiarirs  id  fdut'aic  wixiu-n.  ilu'n'by  toiuribuiiiiir  '<>  iln' 
liii^li  icu'l  ol  Irinalc  univtTNiiy  madujilcs  in  Kou  a. 

Ibr  t  ariu'«ic  i-lassifuaiiDii  not  an  asscsstnciit  iraid'-.  nor  mv  tbe 
disniu  iions  iM-twiwn  tla^silicalion  sublcvrls  (ck-.  ri'searcli  I  and 
iisi'dnh  II)  baM-d  on  insiiiulions'  oduniiional  quality.  Liberal  arts  I 
-thonK  cxcrnsi'  iiuM'r  ^clrciivity  rctjardiii«  students  tlian  do  liberal 
■  Ills  II  iiisimnior.s.  InU  in  Ui-nn-al  ibc  C  ariu-Kic  ealeK^irio-^  are  a  lypolo- 
.  not  a  rank  orderin.i:. 


Country 

Males 

Females 

Percentage  of  college-age  population 

France   

5.2 

1.9 

Germany   

8.5 

1.5 

Japan  

10.8 

0.9 

Poland  

3.9 

1.9 

South  Korea  

9.5 

2.1 

Sweden  

4.8 

1.9 

Taiwan  

6.7 

1.5 

United  Kingdom 

4.6 

1.8 

United  States  

7.4 

See  appendix  table  2-3. 
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Associate  Degree  Level,  About  L3()()  2-year  institu- 
tions produce  the  overwhelniiiii^  majority  ol  associate 
decrees,  which  rej)resent  a  full  qiiailer  (484,cS()())  of  all 
decrees  awarded  in  l\s.  higher  education.  Only  a  small 
|)ercentaffe  ol"  these  decrees,  however,  are  in  science  or 
en^ineerin.i?.  hi  IWl.  I'ewcM-  than  4  percent  of  associate* 
degrees  (or  19,!>52)  were  awarded  in  s<JiK  fields,  and  9 
l)ercenl  (45.000)  werc^  awarded  in  enj^ineerinj?  technolo- 
.ey.  "Ilicse  institutions  thus  account  lor  only  1  percent  of 
the  1,9  million  S.K:K  degrees  in  higher  education.  They 
do,  however,  account  lor  10  j)ercent  of  the  64,586  engi- 
neering technology  degrees  in  higher  education.  (See 
figure  2'S  and  discussion  on  "Associate  Degrees  in  S,K:K" 
later  in  this  chapter.) 

Bachelors  Degree  Level.  There  are  1,14(S  institu- 
tions that  granted  356,000  degrees  in  s^:!-:  fields  in  1991, 
(See  text  table  2-3,)  Over  75  percent  of  all  institutions 
with  S.viK  baccalaureate  programs  are  either  comprehen- 
sive or  liberal  arts  institutions.  (See  appendix  tables  2-5 
and  2-6,)  However,  the  largest  pro])ortions  of  baccalaure- 
ates in  S.X:H  fields  continue  to  be  awarded  by  research 
and  comprehensive  schools,  (See  figure  2-5,)  In  1991. 
they  awarded  38  and  34  percent,  respectively,  of  the  year's 
S.s.-K  degrees.  Liberal  arts  schools  granted  10  percent  of 
all  StS:K  degrees  that  year,  (See  appendix  table  2-5,) 

\'iewed  in  terms  of  S^S:!-:  productivity,  the  relative  signif- 
icance of  these  three  types  of  institutions  changes  some- 
what, (See  appendix  table  2-5.)  In  1991, 

♦  S^.^H  degrees  accounted  for  almost  48  percent  of  the 
degrees  awarded  by  liberal  arts  I  school,-^.  The 
degree  awards  were  mainly  in  the  social  sciences, 

♦  s^K:!'  d(  grees  represented  44  percent  of  the  degrees 
awarded  by  research  1  institutions:  these  were 
mainlv  in  the  natural  sciences  and  engineering. 


.\>s<K"iat('  (lc.i:rt'('s  nrc  kratitcd  lor  prchncralaiin'aif  1-  to  W-yrwY  prn- 
i.:rain>  ol  studv  at  the  junior  and  I'oiiunututy  colK^ri*  k-vi-i. 
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Figure  2-3. 

U.S.  higher  education  in  1991:  Students,  institutions,  and  degrees 


1.374.101  in  107  doctoral  i  &  11  Institutions 


3,793,207  in  592  comprehensive  1  &  II  institutions 


14  million 
students 
enrolled 
in  3,600 
institutions.. 


■692,475 
In  554 


5,591.000  in  1,505  2-year  institutions 


liberal 
arts  i  &  11 
institutions 


How  many  degrees  do  they  obtain? 


.earn  1.9  million 
degrees. 


234,988 


439.061  in  335 
Specialized 
institutions 


580,823 


124.395 


484.797 


How  many  degrees  in  S&E? 


60.591 


.of  which  500,000  are  in  S&E 

♦  23,979  doctorates 

♦  78,368  masters  degrees 

♦  337,675  bachelors  degrees 

♦  19,352  associates  degrees 


7,534 


NOTES.  There  were  an  additional  232.026  students  enrolled  in  71  -other'  institutions  S&E  =  science  and  engineering. 
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See  appendix  tables  2-3,  2-4,  2-5,  2-6.  and  2-17 

♦  ScKrl-  dep^rees  accounted  for  over  24  percent  of  the 
decrees  awarded  by  eompreliensive  I  schools; 
these  were  split  between  the  natural  sciences/engi- 
neering and  the  social  sciences. 

Masters  Degree  Level.  As  at  the  bachelors  level, 
comprehensive  institutions  make  up  the  largest  propor- 
^  Mm  of  the  738  institutions  with  ScV;!i-:  programs  at  the 
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masters  level.  (See  figure  2-6.)  However.  S.^E  masters 
degree  production  is  most  highly  concentrated  in 
research  universities:  Almost  50  percent  of  the  79,500 
Si!C:E  masters  degrees  in  1991  were  awarded  by  this  insti- 
tution type.  Comprehensive  schools,  on  the  other  hand, 
produce  only  a  quarter  of  all  s.KiK  masters  degrees.  (vSee 
text  table  2-3.) 


40  ♦ 


Chaoter  2  Higher  Education  in  Science  and  Engineering 


Classification  of  Academic  Institutions 


Following  are  brief  descriptions  of  the  Carnegie  cat- 
egories used  in  this  chapter  (Carnegie  1987). 

Pesearch  I:  Tliese  institutions  offer  a  full  range  of 
baccalaureate  programs,  are  committed  to  graduate  edu- 
cation through  the  doctorate  degree,  and  give  high  prior- 
ity to  research.  Tliey  receive  at  least  $33,5  million  luinual- 
ly  in  federal  support  and  award  at  least  50  Ph.D.  degrees. 

Research  II:  Same  as  research  I,  except  that  they 
receive  between  $12.5  and  $33.5  million  annually  in 
federal  support  and  award  at  least  50  Ph.D.  degrees. 

Doctorate-granting  I:  In  addition  to  offering  a  full 
range  of  baccalaureate  programs,  the  mission  of  these 
institutions  includes  a  commitment  to  graduate  educa- 
tion through  the  doctoral  degree.  They  award  40  or 
more  Ph.D.  degrees  annually  in  at  least  five  academic 
disciplines. 

Doctorate-granting  II:  Same  as  doctorate-granting 
L  except  that  they  award  20  or  more  Ph.D.  degrees 
annually  in  at  least  one  discipline  or  10  or  more  Ph.D. 
degrees  in  at  least  three  disciplines. 

Comprehensive  I:  These  institutions  offer  bac- 
calaureate programs  and.  with  few  exceptions,  gradu- 
ate education  through  the  masters  degree.  More  than 
half  of  their  baccalaureate  degrees  are  awarded  in  two 
or  more  occupational  or  professional  disciplines  such 
as  engineering  or  business  administration.  All  of  the 
institutions  in  this  group  enroP  at  least  2,500  students. 

Comprehensive  II:  Same  as  comprehensive  I, 
except  that  they  may  also  offer  graduate  education 


through  the  masters  degree.  .AJl  of  the  institutions  in 
this  group  enroll  between  1,J)0()  and  2,500  students. 

Liberal  arts  I:  These  highly  selective  institutions 
are  primarily  undergraduate  colleges  that  award  more 
than  half  of  their  baccalaureate  degrees  in  arts  and  sci- 
ence fields. 

Liberal  arts  II:  These  institutions  are  primarily 
undergraduate  colleges  that  awaid  more  than  half 
their  degrees  in  liberal  arts  fields.  This  category 
includes  a  group  of  colleges  that  award  fewer  than  half 
their  degrees  in  liberal  arts  fields,  but — with  fewer 
than  1,500  students — are  too  small  to  be  considered 
comprehensive. 

Two-year  community,  junior,  and  technical  col- 
leges:  These  institutions  offer  certificate  or  degree 
programs  through  the  associate  degree  level  and,  with 
few  exceptions,  offer  no  baccalaureate  degrees. 

Professional  schools  and  other  specialized 
institutions:  Tliese  institutions  offer  degrees  ranging 
from  the  bachelors  to  tl  ie  doctorate.  At  least  half  of  the 
degrees  awarded  by  these  institutions  are  in  a  single 
specialized  field.  Tliese  institutions  include  theological 
seminaries,  bible  colleges,  and  other  institutions  olYer- 
ing  degrees  in  religion;  medical  schools  and  centers; 
other  separate  health  profession  schools;  law  schools; 
engineering  and  technology  schools;  business  and 
management  schools;  schools  of  art.  music,  and 
design;  teachers  colleges,  and  corporate-sponsored 
institutions. 


Text  taDle  2-3. 

S&E  bachelors  and  masters  degree  awards, 
by  institution  type:  1991 


Carnegie 
category' 

Bachelors  degrees 

Masters  degrees 

Institutions 

Degrees 

nstitutions 

Degrees 

Total  

1,448 

337,675 

738 

78,368 

Research  ... 

101 

132.108 

101 

38.573 

Doctoral.  . 

102 

49.371 

105 

14.679 

Comprehensive. 

586 

112,195 

368 

19,810 

Liberal  arts  .  .  . 

527 

36,231 

72 

1,624 

Two-year  .  . 

20 

515 

0 

0 

Specialized 

94 

4,866 

69 

2.182 

Other   

15 

0 

22 

1,476 

'Combines  categories  I  ana  II. 
Se©  appendix  tables  2-5  and  2-6. 

Science  &  Engineering  Indicators  -  1993 


Doctoral  Degree  Level.  Al^the  doctoral  level,  (k^nvc 
production  is  highly  concentrated:  150  research  I, 
research  II,  and  doctorate-^rantin.c:  1  universities  pro- 
duce nearly  90  percent  of  all  SiK:!-:  doetoi'ates,  and  receive 
90  percent  of  all  academic  R^D  fundini?  iPresident's 
Council  of  Advisors  on  Science  and  'IVchnoloi^x-  1992). 
Collectively,  these  universities  are  three  times  the  size 
they  were  30  years  'd^o  in  terms  of  enrollment  and 
dep^ree  production  and  nuniber  of  faculty  and  research 
staff.  Due  to  research  budget  constraints,  however, 
these  rc^search-intensive  institutions  are  not  expected  to 
grow  as  they  did  in  tiie  19()()s  and  again  in  the  19<S()s.  U 
has  thus  been  postulated  that  only  a  very  small  fraction 
of  current  and  future  doctoral  rt^cipients  in  sei(Miee  and 
engineering  can  aspire  to  careers  in  academic  reseaich 
and  teaching  in  research  universities  (Ooodstein  199?>). 

Undergraduate  Instruction  by  Type  of  Faculty 

National  concern  ov(T  the  quality  of  tmdcTgradtiate 
education  in  sci(Mux\  mathematics,  and  engineering,  and 
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Figure  2-4 

U.S.  enrollment  in  higher  education 


Figure  2-5. 

Bachelors  degrees  awarded,  by  institution  type:  1991 


Millions  ot  siuoems 
16  I  


14 


Soeciaiizea 


Two-year 
^-"^berai  arts  i  ML 
Comprehensive  t  &  II 


DOctorall&U 


1967        1971         1975         1  979         1  983         1987  1991 
See  aopendix  table  2-4.         Science  &  Engmeenng  Indicators  -  1993 

iht*  relative  priorities  assi.t^ned  to  research  and  leachinj^. 
has  been  widely  noted  and  discussed/ llie  specific  issue 
is  whether  i)rotess()rs  have  advanced  their  field  oi  spe- 
cialization throuirh  research  while  entrustint^  their  leach- 
in.iT  duties  to  olher  faculty.  Initial  data  that  can  shed 
some  li.i^ht  on  this  issue  are  currently  available  for  three 
fit^^lds— physics,  Keolo.uy.  and  socioloR\\"  Full-time  facul- 
ty in  tlu^se  disciplines  account  for  79  percent  or  more  of 
the  instructional  contact  hours  with  underixraduates; 
teaching  assistants  have  V2  perctMU  or  less  of  instruction- 
al contact  hours,  'l  lie  balance  of  instruction  was  provided 
by  part-time  and  adjunct  faculty.  Text  table  2-4  shows  the 
percentai^e  of  instruction  by  full-time  faculty  in  these 
fields  across  all  institutions. 

When  instructional  hours  are  examined  by  institution 
type,  it  can  be  seen  that  under.t]:raduates  at  research- 
intensive  univ(Tsities  (research  I  and  II)  receive  a  much 
lartrer  percentai^e  of  their  instruction  from  teaching? 
assistants.  (See  fi^^nire  2-7.) 

Teaching  assistantships  (TAs)  account  for  about  21 
l)ercent  of  the  primaiT  suppoil  of  s.v^i-:  ^rraduate  students 


N-r  |.»i  rxain|)l«'.  simiia.\i  (1'.'>M)  ami  linAvn 

.\  coniprrlK-n^ivi-  national  Mim'v  ot  univrrsily  taculiy  will  b('  coiu- 
j»k-U'(l  by  UJ9r>  to  i)rovi(l<'  datn  on  laculty  cliaraclfiislics  and  tinio  spent 
in  n-srarfh  and  icachinLr  1)>  >\h\\\K'  Ik-UI.  Currently  availabl(»  data  are 
ironi  tile  National  Scienn-  l-ouiidalion's  illKlu^r  ICducalion  Surveys, 
wliidi  Katht-r  national  inlorniation  on  uiKlerirraduaK^  an-rifula  from  2- 
and  l-vear  collei^'cs  aiul  univer'^ities.  The  ihi  ee  lields  tor  whieh  surveys 
liavc  lieeii  I'onipleted  as  ol  this  writinn  are  ireolo^^}'.  physics,  and  soci- 
olojry  (si<s  m-2(\,  m'lv.  ami  miLMV  DepailiiRMUs  in  these  fields  speci- 
iV'd  ih<'  hours  oi  uiuli-rtrradnate  msiriiclion  pt'ovided  by  prolessurs  and 
leaeliinir  assistants  lor  leeuire>.  laboratory  work,  and  discussion 
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.iirouj)s. 


Comprehensive  I  &  II 
N  =  458,977 


Research  1  &  II 
N=:  315,914 


Doctoral  I  &  II 
N=:  165,484 


Liberal  arts  I  &  II 
N  =  113.097 


19  Other 

I   I  Engineering 


□ 


■  Social 
'  sciences 

Natural 
sciences 


Specialized 
N  =  42,629 

NOTE:  The  natural  sciences  nciude  math/computer  sciences 
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Figure  2-6. 

Masters  degrees  awarded,  by  institution  type:  1991 


Comprehensive  I  &  II 
N»  121,146 


Doctoral  I  &  II 
N:=62«610 

5%  1% 


Specialized 
N  =  17,962 


Liberal  arts  I  &  II 

N  a  11,203 

NOTE:  The  natural  sciences  include  math/computer  sciences. 
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(nRS  U)9:ia).  (See  appeiulix  tabic  2'?/2.)  In  1991.  about 
hS.OOO  ^jraduate  students — niosily  concentrated  in  re- 
search universities  and  doctoraKTanting  institutions — 
received  such  assistantships.^"  Teaching  assistants  provide 
over  'M]  percent  of  under.q:raduate  instructional  contact 
hours  in  physics  at  research  universities,  but  only  3  per- 
cent at  comprehensive  universities  or  liberal  arts  collep^es. 

Undergraduate  S&E  Students 
and  Degrees 

This  section  provides  data  on  enrollments  of  under- 
graduates and  their  plans  to  major  in  science  and  engi- 
neering. It  also  presents  data  on  actual  associate  and 
bachelors  degrees  awarded.  Trends  are  provided  by  sex 
and  race/ethnicity. 

Recent  Trends  in  College  Enrollments 

Tlie  pool  of  college-age  students  (20-  to  24-year-olds) 
has  been  decreasing  by  about  2  percent  annually  since 
1980.  N'onetheless.  undergraduate  enrollments  increased 
during  the  1980s — almost  3  percent  during  the  latter  half 
of  the  decade.  Moreover,  between  1990  and  1991,  enroll- 
ments increased  4  percent,  when  an  additional  500.000 
students  raised  undergraduate  enrollments  to  12.4  mil- 
lion. (See  appendix  table  2-8.) 

In  the  face  of  a  declining  college-age  population,  part 
of  this  increased  enrollment  is  due  to  greater  participa- 
tion in  undergraduate  education  by  older  students, 
women,  and  minorities.  By  1991,  66  percent  of  all  stu- 
dents enrolled  in  undergraduate  institutions  were 
women  and  minorities.  Tliese  groups  represented  only 
f)?  percent  of  undergraduate  enrollment  in  1976.  Asians 
and  Hispanics — especially  females  in  these  groups — 
accounted  for  the  highest  rates  of  increase  in  minority 
enrollments,  with  annual  increases  of  9  and  7  percent, 
respectively,  between  1976  and  199L 

Engineering  Enrollments'' 

Because  engineering  programs  frequently  begin  in 
the  freshman  year,  students  tend  to  declare  an  engineer- 
ing or  engineering  technology'-  major  early  in  their  col- 
lege career.  Data  on  these  enrollments  provide  early 
indicators  of  future  degree  production. 


An  esii mated  2(1000  of  those  toachinj^  assistants  are  foreign  graflu- 
ate  sludenis:  see  "Support  for  <>S:E  Graduate  Students." 

'■Data  ill  this  section  arc  from  the  Engineering  Manpower  Commis- 
sion. Tlie  commission  collects  trend  data  on  full-  and  part-time  engineer- 
ing and  engineering  technology  enrollments  in  both  baccalaureate  and 
2-year  programs  as  well  as  on  enrollments  of  women  and  minorities. 

'-Engineering  technolog>'  curricula  have  traditionally  emphasized 
hands-on  experience  with  advanced  technologies,  rather  than  a  theo- 
retical engineering  curricula  in  mathematics  and  science.  YUv 
Accreditation  Board  of  Engineering  and  Technology  defines  engineer- 
ing technology  as  that  part  of  the  lleld  requiring  the  application  n{ 
knowledge  and  methods  of  science  and  engineering,  combined  with 
technical  skills. 
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Text  table  2-4. 

Percentage  of  undergraduate  instruction  provided 
by  faculty:  1990 


Physics 

Geology 

Sociology 

Percent  - 

Full-time  faculty.  .  .  . 

85 

79 

82 

Part-time  faculty  .... 

7 

9 

15 

Teaching  assistants .  . 

8 

12 

3 
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Full-time  enrollments  in  enKineerin.tr  j)r()Rfams  increased 
from  the  late  seventies  until  the  early  eighties,  and  then 
declined  sli^ditly  (^ach  year  unlil  U)S9.  This  decline  in 
eni^ineering  enrollments  was  i)artly  based  on  demo- 
Kn-aphies,  Alter  1982.  the  I'.s.  pool  of  colleire-a.i^e  sliidents 
started  decreasinij  sliirhtly  by  aboul  UUI.OOO  per  year: 
this  declini^  Ix^eanie  steeper  alter  CmSU)  a  year). 
In  WW  and  19S)1,  ent^inecn-inir  enrollments  increased 
sli^^htly  after  a  9-year  decline,  although  the  pool  of  col- 
le,tj:e-a.^e  students  has  not  stopped  dcTreasin^  in  size. 

In  199'i.  enirineerinir  enrollments  increased  substan- 
tially, as  4.700  more  students  (nu'olled  in  full-time  inuler- 
,u:raduate  (Mi^rineerinK^  proij^rams  than  in  the  previous 


\ear.  briuLrin.^^  loiat  enroHmeiu  lo  :)1 students,  (N'e 
api)eiulix  lal)le  2-9,)  'Ilie  increase  was  duv  lo  .i^realer  i)ar- 
licipalion  by  women  and  minoriiies.  whose  enrollmenis 
reached  IKiOOO  in  1992.'"  (See  fi.^ure  2-8.)  Pailicipalion 
l)y  ihese  trroups  has  becMi  Kn'owintr  concurrenl  wiih 
declinin^^  enrollments  in  en.i^ineerinii:  by  while  males. 
(S(T  appendix  table  2-10.)  Betwven  1979  and  1992,  as  a 
l)ropo!*lion  of  all  underi^raduate  eu.uineerin^  enrollmenis. 

♦  enrollment  of  blacks  .i^rew  from  4  lo  7  percenl, 

♦  enrollment  of  Hispanics  ^rew  from  [\  to  jjercenl, 

♦  female  enrollment  rose  from  12  lo  17  percent,  and 

♦  male  enroUmenl  declined  from  88  lo  82  percem. 

ICnKineerint^  technolo^'  enrollments  declined  from  a 
hi^^h  of  191,000  in  1981  to  128.500  in  1987;  they  have  lluc- 
tuated  sli^erluly  each  year  since,  remaininji^  at  about  the 
1987  level.  Unlike  enrollmenis  in  enKineeriniLr.  liowevtM*, 
en.i^ineerin.t^  lechnolo.irx*  enrollmenis  have  nol  increasinl 
in  the  nineties,  (See  appendix  tabk*  2-9.) 


Note.  liowfVLT,  iliai  even  iluumh  wonu-n  and  niinoriiii-"^  arc  an 
iinporunu  porlion  ol  new  ciiroUnn'iU"^,  llicy  >^iill  rcpri'scnl  'jr.ly  a  siuali 
IKTCciuaj^c*  ol  loial  (.Mi.uMtK'oi  in.u  vnrollnu'iu. 


Pro^portion  of  undergraduate  instruction  provided  by  various  faculty  members,  by  field  and  institution  type:  1990 


Percent 
100  f 


80  \ 


60  (■ 
I 

4U  \- 

\ 

20 


0  >- 


Geology 


1 


Mil 


Dr. 


Research  Doctoral  Compre-  Liberal 
tiensive  arts 


Research  Doctoral  Compre-  Liberal 
hensive  arts 


Research  Doctoral  Compre-  Liberal 
hensjve  arts 


Full-time  faculty    □  Part-time  faculty  □  Teachjno  assistants 
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NOTE.  Data  combtne  Carnegie  categories  I  &  I 
See  appendix  table  2-7 
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Figure  2-8. 

Representation  of  women  and  minorities  in 
undergraduate  engineering  enrollments 

Percent 

50  ,  


[^ForeiQn  citizens 
.    i  Asian  Americans 
[^Underrepresented  minorities 


1979  tgsO  1961   19S2  1983  1964   19B5  19B6  1987  1^88  1989  1990  1991  1992 


NOTE.  Underrepresented  minorities  are  blacKS.  Hispanics.  and 
Native  Americans. 
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iiiiendc'd  lo  major  in  siM(MK*r  aiui  cni^iiu'ciiiiiX. 
appendix  table  2- 11.) 

Choice  ot"  major  wiiliin  fu^lds  differs  by  sex  and 
i*ace/ethnicily.  Data  on  freshmen  intentions  for  last 
20  years  show  that,  r(\irai*ciless  of  raee/ethnieily,  all 
females — i*xcept  Asians — intend  a  major  in  the  social  sci- 
ences more  than  in  any  other  science  field:'  '  males  of  all 
races  intend  to  study  en.i^ineerin.u:  ab()V(^  all  other  nvF. 
fields.  Minority  females  intend  to  major  in  the  natural 
sciences  and  en.t^ineerint?  more  than  do  white  females. 
Between  1971  and  U)9U  underrej)resenied  minorities  " 
have  shown  an  increasin.^  intcM'esi  in  S»S:1'.  majors.  (See 
fijrure  2-9.) 

Despite  hij^h  levels  of  freshmen  intentions  for  an 
major,  in  actuality,  the  percentai^e  of  students  majorin.tr 
in  natural  science,  mathematics,  and  (Mitrineerint^  fields 
declines  from  27  to  17  percent  between  iVeshinan  and 
senior  years  (Astin,  Astin.  and  Pey  1992)."'  Women  and 
minorities  experience  even  higher  rates  of  attrition. 

Planned  Majors  of  National  Merit  Scholars,  An* 

the  best  and  brit^htest  students  interested  in  jjursuintr 


Characteristics  of  American  College 
Freshmen 

The  data  presented  in  this  section  provide  an  indica- 
tion of  the  .trrowini>  interest  of  freshmen  in  studyin.tr  S.v::K 
fields,  as  well  as  their  perceptions  of  their  academic  pre- 
paredness for  such  majors.  Specifically,  this  s(^ction 
explores  ti*ends  in  the  followin.t^  selected  characteristics 
of  first-time,  full-time  fi"eshmen  enrolled  in  4-year  univer- 
sities and  colle^^es: 

♦  planned  majors  by  s(^x  and  race/ ethnicity, 

♦  planned  majors  of  National  Merit  Scholars,  and 

♦  students'  self-reported  need  for  remedial  work  in 
math  and  science. 

Planned  Majors  by  Sex  and  Race/Ethnicity.  For 

the  last  20  years,  about  'M)  percent  of  all  freshmen  in  4- 
y(^ar  colleges  and  universities  have  said  that  they  intend 
to  major  in  science  and  engineering.  Additionally,  fresh- 
men of  every  race/(4hnicity  have  high  aspirations  for 
majoring  in  science  and  engineering:  In  1992.  about  4  4 
percent  o\  Asian.  35  percent  of  black  and  Hispanic,  and 
?>{)  percent  of  while  and  Native  American  freshmen 


'Data  on  |)laiim'(i  inajors  l)\  -cs.  i  aiivi'ihuirity,  and  nwO.  u>v  ii'iiic- 
dial  work  ate  Iroiii  (hi*  Hij^diri*  i-.ducatioii  Ki'scan-h  Iiistiliiti'.  I  nivt-rsity 
ol"  California  at  l.os  AiiK'.'lrs,  Survey  of  the  Amrricaii  I-ri'shtn;ni: 
National  .Xoriii^.  unpublislu'd  labtilalions.  Allhoiiiih  the  iiistiuiiioiial 
population  lor  this  survey  is  drawn  iVoni  all  di^^ibh'  institutions  oi  hi.trh- 
(M*  education  (Iv..  all  institutions  that  wore  oixTatinj^^  at  the  time  ot  ih(» 
survey  and  had  a  freslinieii  elass  of  at  least  J5  students)  listed  in  the 
aiuuial  I  .>.  l)i't>artmeni  ol  |-dtication  Educatum  Directory,  the  ai'lua) 
sample  is  sell-selected.  For  example,  of  the  '17^:^  elij^Mble  institutions 
invited  to  partici|)ate  in  the  survey.  :m  responded.  Some  ot  the 
bias  that  nuiy  yv>w\\  \un\\  this  sejcetion  [)roeeNS  is  reduced  in  tho  sirali- 
lleation  si  luMiie. 


ERIC 


Asian  teinali-s  intend  to  stutly  the  n,itural  >eieners  luoic  than  aiu 
4)ther  s^;:!-.  ileld. 

'  I'ndeiTepivsented  minorities  io  inelmie  blacks,  Hispanics.  aii<l 
Native  Americans, 

("onipai'f  the  freshman  iutrniions  data  in  appi'udix  tal)lf  -11  with 
the  earned  dej^M-ee  data  in  aj)pendi.s  tal)les  J-H).  2-1^),  and  'Z-ZX. 


Figure  2-9, 

Minority  representation  among  freshmen  planning 
to  major  in  a  science  or  engineering  field 

Percent 


20 


15 


10 


1991 


1981 


..1971 


Physics 


Biology      Social  sciences  Engi.neerinq 


NOTE:  Data  reflect  underrepresented  minorities  only— i.e  .  blacks. 
Hispanics.  and  Native  Americans. 
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xvH  fields?  One  indicator  tor  determining  the  answer  to 
this  question  is  the  stated  choice  ol"  major  ol  National 
Merit  Scholars.  These  students  represent  the  top  0.5  per- 
cent of  the  Nation's  hi,i^h  school  j^raduates  in  terms  of 
academic  achievement,  hi  1992,  over  40  percent  of  all 
National  Merit  Scholars  were  interested  in  majoring  in 
either  the  natural  sciences  or  engineering.  vSee  appendix 
table  2-13.)  Interest  in  the  biological  sciences,  physics, 
and  mathematics  and  statistics  increased,  while  plans  to 
niajor  in  the  social  sciences  and  business  decreased. 
Between  1985  and  1989,  National  Merit  Scholars  showed 
a  declining  interest  in  all  S&K  fields  except  the  social 
sciences.  From  1989  to  1992,  however,  this  trend  was 
somewhat  reversed,  as  Merit  Scholars  expressed  an 
increasing  interest  in  majors  in  the  natural  sciences  and 
engineering.  (See  figure  240.) 

Reported  Need  for  Remedial  Work  in  Math  and 
Science.  A  large  proportion  of  freshmen  say  they  need 
remedial  work  in  math  and  science.  For  the  last  15 
years,  about  20  percent  of  the  freshmen  class  who 
intend  to  major  in  science  and  engineering  thought  they 
needed  remedial  work  in  math;  about  10  percent  felt 
they  needed  remedial  work  in  science.  (See  appendix 
table  2-14.) 

'Flie  perceived  need  for  remedial  work  varies  by  intend- 
ed major,  sex.  and  race/ethnicity.  (See  figure  2-11.)  hi 
1992,  students  planning  to  major  in  engineering  or  the 
physical  sciences  were  less  likely  to  express  a  need  for 
remedial  work  in  math  or  science  than  were  their  peers 
who  planned  a  biological  or  social  science  niajor.  Females 
intending  to  study  physics  expressed  more  need  for 


Figure  2-10. 

Choice  of  majors  of  Merit  Scholars 


Percent 
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Maih/compuier  sciences 


1 982  1 984  1986  1 988  1 990  1 992 
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remedial  work  in  mathematics  and  science  than  did 
males.  Bervveen  30  and  50  percent  of  minority  students 
across  all  fields  said  they  needed  remedial  work  in  math, 
and  between  20  and  24  percent  said  they  needed  remedi- 
al work  in  science. 

Part  of  this  lack  of  confidence  in  their  ability  to  do  col- 
lege work  in  math  and  science  relates  to  students'  lack  of 
I)ersistence  in  these  courses  throughout  high  school.  A 
-tudy  of  coursetaking  behavior  of  high  school  students 
conducted  between  1987  and  1993  shows  that  a  signifi- 
cant proportion  of  high  school  seniors  do  not  enroll  in 


Freshmen^eportlng  need  for  remedial  work  in  math  and  science,  by  intended  major:  1992 


Need  remedial  work  in  math 


All  science  & 
engineering 
majors 

Physical 

7?;  7,^....- .w.-'J  science  majors 


_L 


Biological 
science  majors 

Social  science 
majors 

Engineenng 
majors 


50  40 


30  20 
Percent 


10 


NOTE:  Underrepresented  minorities  are  blacks.  Hispanics.  and  Native  Americans. 
O     See  appendix  table  2-14 
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Need  remedial  work  in  science 
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Technical  Education  in  Japan  and  Germany 


Japan  and  Germany  are  often  cited  for  their  commit- 
ment to  vocational  training  for  skilled  personnel — a 
commitment  that  probably  contributes  to  their  eco- 
nomic success,  particularly  in  manufacturing  indus- 

:  tries.  Following  is  information  on  the  technical  educa- 
tion programs  of  these  countries  within  their  higher 

;  education  systems. 

'      Japan  has  technical  and  junior  colleges  that  provide, 
j  among  others,  engineering  technology  degrees  com- 
;  parable  to  i:.S.  associate  degrees  in  this  field.  The  num- 
i  ber  of  Japanese  degrees  at  this  level  are,  however,  rela- 
I  tively  small,  amounting  to  about  one-fifth  of  Japan  s 
!  university  degrees  in  engineering  (Monbusho  1991). 
'   In  1991,  Japan  produced  around  18,000  degrees  at  the 
!  associate  level  and  87.000  engineering  degrees  at  the 
bachelors  level.  Programs  of  study  in  engineering 
technology  offered  at  Japanese  junior  colleges  include 
information  processing,  laboratoiy  technician  training, 
and  electronics  (Cummings  1993).  Cii'aduates  in  Japanese 
i  technical  colleges  are  trained  in  more  narrowly  spe- 
!  cialized  technical  areas  in  engineering  (production, 
!  construction,  industrial  chemistry,  information,  and 
I  electronics)  than  are  junior  college  graduates.  Over  90 
i  percent  of  Japan  s  junior  and  technical  college  gradu- 


ally scitMice  or  mathematics  course. Females,  more 
often  than  males,  are  advised  that  they  do  not  need  to 
lake  math  or  science  in  their  senior  year.  (vSee  appendix 
table  2-15.)  In  the  senior  class  of  1993.  only  13  percent  of 
the  mak^s  and  9  percent  of  the  females  had  taken  calcu- 
lus; only  32  percent  of  the  males  and  27  percent  of  the 
females  had  taken  i)hysics.  (See  appendix  table  2-16.) 
.Among  all  students  planning  a  career  in  mathematics, 
science,  or  engineering,  fewer  than  two-thirds  had  com- 
I)k'tecl  a  physics  course,  and  only  a  third  had  attempted  a 
high  school  calculus  course. 

Associate  Degrees  in  S&E 

Technical  education  contributes  to  a  skilled  and  com- 
petitive labor  force.  ("Technical  Kducation  in  Japan  and 
(iermany"  describes  how  other  countries  provide  the 
vocational  training  critical  to  a  highly  industrialized 
economy.)  For  example,  most  of  the  700  colleges  offer- 
ing associate  (k'grees  in  engineering  technology  have 
arrangements  with  s(^coiulaiT  schools  to  offer  technical 
preparation  programs,  and  with  industry  to  train  or 
retrain  workers.'"'  Additionally,  the  increased  emphasis 
on  a  competitive  workfoi'ce  has  caused  community 


"V\\vsr  (laia  arc  I'nuu  [hv  I.oii.uitudiiial  Study  ol  Amcriran  Youth. 
Several  oihrr  studies  rclmod  l'>  litis  issue  arc  discussed  in  cliapter  1. 
"Siudent  Pcrsi^ience  in  Science  and  Malheinalics  Coui-scs. " 

Aiiitost  all  n\  these  schools  also  have  arranKeineitls  lor  sliidcnl 
,-.transler  to  4-year  i)r{»Kranis  (sRs  lorthcoinin^). 


ates  directly  enter  the  countrv-'s  high-skill  labor  force. 

German  polytechnics,  callea  Fachhochschulen.  pre- 
pare students  for  work  in  various  technical  specialties. 
There  is  no  equivalent  institution  in  the  United  States, 
but  the  bachelors  degree  in  engineering  technology  in 
r.S.  universities  is  similar  to  the  Fachhochschnlen  engi- 
neering degree.  With  approximately  one-third  of  the 
college-age  population  of  the  United  States,  Germany 
produced  20,000  Fachhochschulen  graduates  in  1990 — 
slightly  more  than  the  19,000  U.S.  engineering  technol- 
ogy degrees  awarded  at  the  bachelors  level  that  year. 

Fachhochschulen  were  established  in  the  early  1970s 
as  an  educational  reform  to  address  the  serious  short- 
age of  skilled  workers  (Friedeburg  1990).  They  are  an 
important  source  of  training  for  engineers,  accounting 
for  slightly  more  than  the  number  of  university  engi- 
neering degrees  awarded  in  Germany  (Mintzes  and 
Tash  1984).  Germany  would  like  to  divert  more  of  its 
engineering  students  from  universities  to  Fachhoch- 
schulen and  have  an  even  greater  percentage  of  graduates 
trained  in  these  polytechnics.  The  German  Govern- 
ment is  establishing  new  Fachhochschulens  in  the  for- 
mer East  Germany  to  create  a  more  highly  skilled  labor 
force  and  to  foster  economic  growth  in  that  region. 


colleges  to  establish  new  advanced  technological  educa- 
tion programs.  The  National  Science  Foundation  has  a 
SIO  million  budget  in  1994  to  improve  such  programs  in 
2-year  institutions.  This  section  provides  some  baseline 
information  on  associate  degrees  in  science,  engineer- 
ing, and  engineering  technology.-" 

In  1991.  of  the  486.000  associate  degrees  awarded,  only 
19.000  were  in  Sv^K  fields  and  45.000  were  in  engineering 
technology.  (See  appendix  table  2-17.)  Associate  degrees 
in  SiK:K  have  declined  in  absolute  numbers  from  1983  to 
1991.  retlecting  the  decrease  in  the  pool  of  r.s.  college- 
age  students.  In  engineering  technology,  associate 
degree  awards  increased  an  average  of  6  percent  per 
year  from  1975  to  1985;  there  has  been  a  2-percent  anim- 
al decline  since  then,  somewhat  mirroring  the  decline  in 
engineering  bachelors  degrees. 

Women  receive  almost  half  of  all  associate  degrees 
awarded  in  the  natural  sciences  and  mathematics/com- 
puter sciences,  but  only  about  11  percent  of  the  degrees 
in  engineering  and  engineering  technology'.  Associate 
degrees  declined  between  1983  and  1991  for  males,  but 
not  for  females  or  underrepresented  minorities.  (See  text 
table  2-5  and  appendix  tables  247  and  2-18  ^  Tliis  group 
— which  includes  black.  Hispanic,  and  Native  American 
students — is  approximately  18  percent  of  the  undergrad- 
uate population,  and  received  15  percent  of  the  associate 


Overall  trends  are  available  for  IDTfi  to  U)91:  decrees  by  race/ 
riliniciiy  are  available  lor       to  1991. 
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Text  table  2-5. 

Share  of  associate  degrees  in  S&E  obtained  by 
underrepresented  nninorities 


Field 

1985 

199: 

 Percent 

All  fields  

13.4 

14.5 

All  S&E  fields   

12.2 

15.1 

Natural  sciences  

9.7 

10.1 

Math/computer  sciences  . 

12.2 

19.6 

26.2 

25.7 

Engineering  

7.3 

11.9 

Engineenng  technology  .  . 

10.7 

13.3 

See  appendix  table  2-18.       Science  &  Engineering  Indicators  -  ^993 


(Imrces  in  s.v;-l-:  in  This  tl.i^urc  represents  an  im- 
provement in  i)ariicipation  rates  in  some  fields  ol'  s.v::!-: 
from  1985  levels,  mainly  in  r:iathemaiies/coniput(M*  scienees 
and  engineering^.  Junior  colleges  show  a  greater  share  ot 
minority  aehiev(M"nent  (earned  associate  degives)  than  4- 
year  colleges. 

Bachelors  Degrees  in  S&E^' 

Bachelors  degree  awards  in  science  and  engineering, 
like  associate  degrees,  increased  until  the  mid-198()s  and 
then  decreased  for  the  rest  of  the  decade.  (See  appendix 
table  2-19.)  Tliere  were  some  variations  by  field,  however. 
(See  tlgure  2-12.) 


I^ata  ill  ihis  st'ctioii  arc  Iroin  the  Naiional  Ct'iiicr  tor  (■.(lucaiion 
Matisiics.  Karnod  De^^rces  and  Coinpleiions  MJiToys. 


Figure  2-12. 

Bachelors  degrees  awarded  in  science  and  engineering 
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♦  'n\c  absolute  numbers  o\  engineering  cie^jives  declined 
\  |x.Tcent  manually  from  1986  to  19i)l;  this  decrease  pm*- 
lially  rellected  the  declining?  colle.i::e-a.iTe  population. 

♦  Natural  science  depfrees  declined  slowly,  al  2.5  jxt- 
cent  annually,  over  a  lon^  time  period  (1977-<S9). 
There  was  a  slight  upturn  in  decrees  in  this  field  in 
1991 — the  result  of  increasinj^  numbers  of  women 
obtainini^  det^rees  in  natural  science  fields. 

♦  The  absolute  numbers  of  mattienuitics/ computer  sci- 
ences decrees  declined  7  percent  annually  from 
1986  to  1991. 

♦  Social  science  decrees  declined  3  percent  annually 
from  1975  to  1985.  but  have  increased  by  more  than 
5  percent  annually  since  1985. 

By  subfield.  there  are  still  more  variations  in  de^jree 
award  patterns.  (See  figure  2-12.)  The  most  dramatic  of 
these  variations  is  in  the  computer  sciences,  which 
dropped  10  percent  annually  between  198H  and  1991 
after  a  lonjz  period  of  rapid  j^rowth.  Awards  in  the  biolojr- 
icai  and  agricultural  sciences  declined  slowly  between 
1978  to  1989,  althou.t^h  there  has  been  some  pfrowth  in 
tliese  subfields  since  then. 

Bachelors  Degrees  by  Sex.  Women  make  up  55 
percent  of  the  undergraduate  population  and  receive  56 
percent  of  the  bachelors  degrees  in  the  social  sciences. 
Women  are  approaching  similar  parity  in  a  few  fields  of 
the  natural  sciences.  For  example,  women  received  49 
percent  of  the  bachelors  degrees  in  the  biological  sci- 
ences in  199L  (See  text  table  2-6.)  However,  women 
received  only  32  percent  of  the  bachelors  degrees  in  the 
physical  sciences  in  1991.  Physics  departments  have 
only  5  percent  female  faculty  and  few  minorities,  perhaps 
adding  to  the  difficulty  of  attracting  these  student  popu- 
lations (SRS  1992e).  Males  obtain  the  vast  majority  of 
(Migineering  and  engineering  technology  degrees,  and 
the  majority  of  mathematics/computer  sciences  degrees. 

Overall,  the  increasing  e^quality  in  the  natural  sciences 
has  not  resulted  from  large  increases  in  the  number  of 
female  degrees  between  1975  and  1991:  degrees  to 
females  during  this  period  increased  only  1  percent 
annually,  Irom  23.0UU  to  29,000.  Kather,  there  is  a  higher 
female  participation  rate  because  degrees  awarded  to 
females  did  not  decline,  as  they  did  for  men.  Degrees 
awarded  to  men  in  the  natural  sciences  began  to  decline 
in  1977.  dropping  3  percent  annually  from  65,000  in  1977 
to  36.000  in  1991.  (See  appendix  table  2-19.) 

Bachelors  Degrees  by  Race/Ethnicity.  Recent 
freshmen  intentions  data  indicate  growing  interest  in 
planned  Sc"*::!-:  majors  among  all  minority  groups,  but 
degree  data  show  that  minority  groups  remain  underrei)- 


•Pcrhaps  not  coincidtMiially.  the  fu ll-iimc  faculty  of  I  .s.  socioloj^v' 
^IrparimnUs  includes  a  hi^'li  i)r()porti()n  (11  jHTcont)  of  women  (>Un 


Text  table  2-6. 

Distribution  of  bachelors  degrees  in  S&E, 
by  field  and  sex 


1975    1991  

Field  Male  Female    Male  Female 

 Percent  


73.4 

28.6 

55.5 

44.5 

Physical  sciences  

81.2 

18.8 

67.6 

32.4 

Environmental  sciences .  . 

83.0 

17.0 

71.3 

28-7 

Biological/agricultural 

sciences  

70.7 

29.2 

51.3 

48.7 

Math/computer  sciences .  ,  . 

62.9 

37.0 

63.9 

36.1 

Mathematics  

58.0 

42.0 

52.7 

47.2 

Computer  sciences  

81.0 

19.0 

63.9 

29.6 

Social  and  behavioral 

sciences  

57  0 

43.0 

44.0 

56.0 

Psychology  

47.3 

52.7 

27.4 

72.6 

Social  sciences  

61.5 

38.4 

52.8 

47.2 

Engineering  

97.9 

2.1 

84.5 

15.5 

Engineering  technology  .  .  . 

93.8 

6.2 

89.3 

10.7 

See  appendix  table  2-19.       Science  &  Engineering  Indicators  -  1993 


resented  in  terms  of  Sc^;.!-:  baecalaureate  awards.-  '  .Mthou^h 
9  percent  of  the  freshmen  sludenls  who  intended  to 
major  in  Sc^::l-:  in  1986  were  black,  4  years  later  only  6  per- 
cent of  the  bachelors  decrees  in  s^v^K  were  obtained  by 
this  minority  5^roup.  (See  appendix  tables  2-12  and  2-22.) 

Blacks  attained  a  3.5-percent  annual  increase  in  en^l- 
neerin^  dej^rces  and  a  7-i)ercent  annual  increase  in 
mathematics/computer  science  decrees  between  1977 
and  1991.  lliere  has  been  no  growth,  however,  in  blacks 
dej^ree  completions  in  the  natural  sciences.  Hispanic  stu- 
dents increased  their  en.uineerin^  and  computer  science 
decrees  at  annual  rates  of  5  and  10  percent,  resF)ectively. 
between  1977  and  199L  and  increased  their  natural  sci- 
ence degrees  at  an  annual  rate  of  2  percent.  These 
increases  in  minority^  de^?rees-'  have  resulted  in  modest 
improvements  in  their  participation  rates  in  .NS&1£ 
degrees  betw^een  1977  and  1991.  (See  figure  2-13.) 

Foreign  students  are  only  3  percent  of  the  undergradu- 
ate population,  but  they  obtain  7  percent  of  the  engineer- 
ing degrees  because  of  their  strong  focus  on  this  field. 

Graduate  S&E  Students  and  Degrees 

Of  the  415,000  graduate  students  in  S&E  fields  in  1991, 

♦  almost  a  third  were  in  the  social  sciences, 

♦  over  a  quarter  were  in  the  natural  sciences, 

♦  ov(T  a  cjuarter  were  in  engineering*  and 


-•Studies  and  rest-arch  on  the  participation  of  minorities  in  s^-i'  edn- 
eation  are  discussed  in  "hnprovinK  Minority  Participation  in  StJ^-IC 
[•Education." 

'Depfrees  to  Native  .Vjuericans  decreased  in  the  same  i)altcrn  :\s  in 
the  overall  student  |)opulation. 
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Improving  Minority  Participation  in  S&E  Education 


The  slow  progress  in  improving  the  retention  and 
degree  completion  rates  of  minorities  in  science  and 
engineering  has  been  widely  noted  and  disctissed 
(see,  for  example,  Bagayoka  1993).  Increasingly, 
experts  are  realizing  that  precoUege  preparation  plays 
a  significant  role  in  future  s.v;:l-:  degree  selection  and 
completion.  For  example,  to  better  understand  the 
determinants  of  success  in  s^C:l£,  a  longitudinal  study  of 
25,000  undergraduate  students  was  conducted  between 
1985  and  1989.  The  study  found  that  overall  academic 
competence  and  math  achievement  upon  entering  col- 
lege were  most  closely  linked  with  students'  choice  of 
and  persistence  in  an  s<S:li:  field  (Astin,  Astin,  and  Dey 
1992).  In  other  words,  if  a  student  has  a  strong  high 
school  preparation,  other  variables—like  the  type  of 
academic  institution  attended,  family  income,  parental 
occupation,  etc.— are  less  significant  in  determining 
whether  the  sludenl  will  obtain  an  S.^CiE  bachelors 
degree. 

The  impact  of  this  and  similar  studies  has  led  at 
least  one  group  attempting  to  improve  minority  reten- 
tion—the National  Action  Council  for  Minorities  in 
Engineering— to  shift  its  focus  to  precoUege  pro- 
grams, including  Saturday  science  academies,  sum- 
mer science  camps  and  institutes,  research  apprentice- 


♦  about  an  eighth  were  in  mathematics  and  the  com- 
puter sciences. 

The  s.^;-!-.  fields  showing  the  greatest  growth  in  both 
tMirollmenl  and  dt^gree  awards  were  mathematics/ com- 
I)uter  scii'nces  and  engineering.  Knrollmenls  in  these 
fields  grew  annually  al     and  1  perctMil,  respectively. 


ships,  teacher  enhancement,  curriculum  improvement, 
and  problem-based  learning.  At  the  national  level, 
math  educators  are  developing  standards  for  course- 
work  and  student  accountability  to  improve  academic 
preparedness  at  the  high  school  level.  At  the  federal 
level,  the  National  Science  Foundation  and  the 
Department  of  Education— with  80  percent  of  the 
funding  for  math  and  science  education  improve- 
ment— have  signed  a  memorandum  of  understanding 
to  coordinate  their  standards-based  educational  pro- 
grams. 

Higher  education  institutions  are  also  establishing 
programs  and  improving  introductory  courses  to 
reduce  attrition  in  science  and  engineering. 
Curriculum  reforms  and  innovative  teaching  methods 
(e.g.,  cooperative  learning  and  visualization  aids  in 
higher  mathematics)  that  began  in  a  few  selective 
research  universities  are  now  spreading  to  large  state 
schools  (Cipra  1993).  Beyond  providing  better  teach- 
ing and  remedial  tutoring,  higher  education  institu- 
tions have  also  been  asked  to  enhance  financial  sup- 
port, social  integration,  student-faculty  interactions, 
and  essenfial  mentoring  of  women  and  ethnic  minori- 
ties to  improve  retention  in  science  and  engineering 
(Grant  and  Ward  1992). 


betwi'en  1977  and  1991;  enrollments  in  Uie  natural  and 
social  sciences  grew  at  less  than  1  percent.  (See  appendix 
table  2-23.) 

Tliis  section  discusses  the  growth  in  graduate  enroll- 
ments and  degree  awards,  particulariy  among  female 
and  foreign  students.  It  also  examines  growth  trends  in 
specific  fields  al  the  masters  and  doctoral  lev(ds. 


Bachelors^degrees  in  the  natural  sciences  and  engineering  awarded  to  minorities 


Natural  sciences 


Engineering 


n  Native  Am(?ricans 
n  Hispanics 
Q  Blacks 


12  '.0 


6 

Percent 


Q      See  appendix  table  2-22. 
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Recent  Trends  in  Graduate  Enrollments 

(Iraduate  studenl  tMirolhncnl— both  at  tho  iikiskm's 
and  doctoral  levels — in  ^.^Iv  .Ufrevv  sK^adily  al  a  rate  of  2 
percent  per  year  from  Uj77  to  U)91.  As  in  under.trraduate 
NvK  education,  nuich  of  this  .t^rowih  was  fueled  by  lar.i^e 
increases  in  the  number  of  women  eiu'ollinp:  in  these 
pro.Gfranis.  The  number  of  women  enrolled  in  s^V,  gradu- 
ate proj^rams  rose  from  abotu  78,000  in  1977  to  142.000 
in  1991.  By  1991,  more  than  a  third  of  .i^raduate  x^I*.  stti- 
dents  were  female,  compared  to  a  ciuartcr  in  1977.  Repre- 
sentation of  women  varied  by  tleld.  however,  as  shown  in 
figure  2-U  and  appendix  table  2-23. 

Foreign  students  also  drove  much  of  the  j^rowth  in 
graduate  enrollment.  Knrollment  by  foreign  citizens  Rrew 
more  than  5  percent  annually  between  1983  and  1991; 
non-r.s.  citizens  now  comprise  ov(M'  one-quarter  of  all  s*.K;l-: 
tj^raduate  students. 

rnderreprestMUed  minorities  have  had  a  slower  enroll- 
ment (Trowth  rale  than  havc^  all  .i^raduate  students  during 
this  same  time  ])eriod,  and  from  a  smaller  base.- '  In 
1991.  blacks,  Hispanics.  and  Native  .Americans  together 
accounted  for  only  about  4.0  percent  of  the  graduate  stu- 


Dala  on  -hVI-.  ura(iuau-  t  Mn)!limMii  !)>■  rac  ial/cilink'  i^nnip  arc  avai 
able  tor  i     citizens  onlv. 


Figure  2-14. 

Graduate  enrollment  in  science  and  engineering 
programs,  by  sex 
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NOTe  Tho  natural  sciences  include  math/computer  sciences. 
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(lent  poj)ulalion  in  the  natural  sciences  and  about  4  percent 
in  en.t^ineerinjx.  (See  lljxurc  1^-15  and  appendix  table  2-21.) 

Masters  Degrees  in  S&E 

From  U)81  to  the  number  of  s.^l-:  masters  dej^rees 
obtained  each  yvcW  increased  at  a  slightly  faster  rate  than 
did  masters  depfrees  in  all  fields  (2  and  1  percent,  respec- 
tively). This  growth  masked  si.i^nificant  differences  by 
field,  however.  For  instance,  annual  production  of  mas- 
ters dej^rees  in  mathematics/computer  sciences  and  in 
en.t^ineerinjj:  j;^re\v  at  much  faster  rates  than  did  masters 
degrees  in  other  s.vcl-:  tlelds.  Between  1981  and  1991,  the 
nuiTiber  of  de|?rees  in  mathematics/computer  sciences 
increased  an  average  of  6.7  percent  annually,  and  nearly 
doubled  over  the  period  (from  ().8()0  to  13,000  degrees). 
Fngineering  degrees  increased  4  percent  annually  during 
this  period,  reaching  24,000  degrees  by  1991.  Masters 
degrees  in  the  natural  sciences  declined  slightly  from 
1981  to  1991  at  a  rate  of  1  percent  annually;  social  scietice 
degree?  increased  by  fewer  than  1  percent  annually. 

Tlie  ntimber  of  masters  degrees  awarded  in  the  natu- 
ral sciences  began  a  slow  decline  in  1975,  as  male  partici- 
pation in  this  field  dropped.  The  number  of  masters 
degrees  in  the  natural  sciences  obtained  by  males 
declined  by  one-third  between  1975  and  1991 — dropping 
from  12,000  to  8,000.  (See  appendix  table  2-25.)  This 
decline  was  somewhat  offset  by  an  increasing  number  of 
natural  science  degrees  for  females:  Masters  degrees  to 
females  in  this  field  increased  from  3,000  to  5,000  during 
this  period.  Much  of  this  growlh  was  concentrated  in  the 
biological  sciences. 

In  contrast  to  this  increase  for  women,  the  participa- 
tion rates  of  underrepresented  minorities  in  masters 
level  Scv;-!-:  programs  has  changed  little  since  1977 — either 
across  all  of  s\-K  or  in  terms  of  their  relative  fields  of  con- 
centration.-' (See  text  table  2-7.)  Continuing  the  trends 
of  the  last  14  years,  in  1991,  underrepresented  minorities 
received  most  of  their  masters  degrees  in  the  social  sci- 
ences— 4,600,  compared  to  600  degrees  both  in  the  natu- 
ral sciences  and  mathematics/computer  sciences,  and 
900  degrees  in  engineering.  Masters  degrees  for  Asians, 
on  the  other  hand,  were  concentrated  in  engineering  and 
in  mathematics/computer  sciences.  Over  the  1977-91 
i)eriod.  annual  increases  in  awards  to  Asians  in  these 
fields  were  7  and  14  percent,  respectively. 

Doctoral  Degrees  in  S&E-'' 

The  number  of  ScV^K  doctoral  degrees  grew  twice  as 
fast  as  ail  doctoral  degree  awards  between  1978  and 


Data  (or  niVK  luastt't's  (k'trroes  ari'  I'roni  the  National  CfiUcr  lor 
Kducation  Statistics  annual  siir\'ey  ol*  earned  (ie^rroes:  the  data  have 
been  adapted  lo  National  Science  l'oi;ndation  field  classifications. 

Data  on  race/ ethnicity  rellect  l  .s.  citizens  and  permanent  resi- 
dents only. 

Data  on  sJiK  doctorates  j^ranied  in  the  United  States  are  from  the 
National  Science  Koimdalion's  Sur\'ey  ot  Earned  Doctc^raies:  see  sKS 
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Graduate  enrollment  in  science  and  engin^^ering  prog/ams,  by  race/ethnicity/citizenship 
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NOTE:  The  natural  sciences  include  mam/computer  sciences. 
See  appendix  table  2-24. 
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l()9i_2  pcTcont  versus  1  iHTccnt  annually.  The  number 
of  en^nneeriuK  doctoral  (le^n-ees  increased  at  a  faster  rate 
than  (lid  anv  other  field,  risin^^  6  percent  annually  since 
\\)7S  and  reachin^^  over  5,000  de.irrees  in  1991.  'Hio  num- 
ber of  mathematics/computer  science  doctorates 
obtained  annually  was  around  1.000  between  1975  and 
1985:  this  number  increased  to  1.800  decrees  by  1991. 


Text  table  2-7. 

Share  of  masters  degrees  In  S&E  obtained  by 
underrepresented  minorities 


Field 

1977 

19?_1 

-Percent  

All  fields  

9.1 

7.9 

All  S&E  fields  

7.8 

7.3 

Natural  sciences  

4.0 

4.5 

Math/computer  sciences  .  .  . 

4.7 

4.8 

Social  sciences  

.11.3 

11.1 

3.2 

3.8 
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Natural  science  awards  have  .i^rown  modestly,  increasinc: 
from  8.000  to  10.000  between  1975  and  1991— a  1.4  per- 
cent average  annual  ^?rowth  rate.  The  production  of  doc- 
toral dci^rees  in  the  social  sciences  has  been  (juite  stabk^ 
since  1975  at  about  6.500  awards  annually.  (See  appendix 
table  2-27.) 

Doctorates  by  Sex  and  Race/Ethnicity,  Females 
received  half  the  social  and  behavioral  science  decrees 
and  over  a  quarter  of  the  natural  science  de^^ees  at  the 
doctoral  level  in  1991.  This  represents  a  doublin^r  of 
female  participation  rates  in  these  fields  since  1975. 
However,  women  received  relatively  few  en.i^ineerin^  or 
mathematics/  computer  sciences  decrees  at  the  doctoral 
level— 9  and  17  percent,  respectively.  (See  appendix 
table  2-27.) 

The  number  of  doctorates  obtained  by  underrepre- 
sented minorities  has  increased  in  all  fields  of  espe- 
cially the  social  and  natural  sciences."'  This  growth  is 
from  a  small  base,  however:  These  i)opulaiions  still  rep- 
resent only  0.4  percent  of  all  Sc<:K  doctoral  degrees.  (See 
appendix  table  2-28.) 


Data  on  racc/ctiinioiiy  rcllt'ci  I  .s.  citizens  and  pormancnt  resi- 
dents only. 
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Foreign  Students  in  U.S.  Doctoral  Programs 

Doctoral  Awards  to  Foreign  Students  by  Fielc. 

I-OrcM^n  siudeiils  continued  to  increase  their  share  of 
1  .s.  (iocloral  de.u^rees  in  U)91.  They  oi)taine(l  over  25  per- 
cent ol  all  natural  science  dej^rees.  over  40  percent  of 
inathenialics/ computer  sciences  decrees,  and  over  Al) 
percent  of  entrineerinj^  deji[rees.  (See  figure  'lliese 
awards  were  primarily  made  to  Asian  natives:  Students 
Ironi  Asian  countries  received  \\  times  more  s.^::!:  doctor- 
ates from  American  universities  than  did  students  from 
North  and  South  America  and  Central  and  Western 
Kuroj)*' combined.  (S(v'"Asiiui  Students  in  I  '.S.  rnivei^^ities.") 

Foreign  Student  Stay  Rates.  '  In  the  last  few  years, 
about  half  of  the  forei^j^n  students  who  obtained  doctoral 
de.trrees  h'om  l  .s.  universities  planned  to  slay  in  th.e 
I'nited  Stales  following  jjjraduation.  The  decisi(^n  to 
l(»cate  in  the  rniied  States  is  inlluenced  by  employment 
'>p|)ortuoilies  to  use  their  advanced  knowledge,  as  wvW 
,is  the  pniitical  and  (*conomic  situation  in  the  siMulin.L!: 
lountn  .  Plans  to  stay  thus  vaiy  by  couniiy  of  ori.ijin.  In 
WJ\.  about  30  percent  of  the  forei.trn  h^:K  doctoral  recipi- 
ents h*om  North  and  South  /\merica  planned  to  remain  in 
die  I'nited  States;  aboul  j()  j)ercent  of  the  lunopean  and 
iHMvenl  of  the  Asian  ss;:!-;  doctoral  recipients  planned 


to  stay.  ■■  (See  fi.trure  2-18.) 

By  couiUiy.  Canada  has  had  a  hi^h  percenta,iTe  of  doc- 
toral recipients  plannin^j:  U)  remain  in  ihc  I  nited  States. 
(See  appendix  table  2-29.)  Amoni^  European  nations, 
(ireece  and  the  United  Kin.t(dom  have  the  hi^^dv^st  per- 
centaij:es  of  vv::K  doctorates  plannin^^  to  locate  in  the 
I'nited  States — .")()  and  71  percent,  respectively.  .'\jnonj^ 
the  Asian  countries  that  send  si.i?nitlcani  numbers  of  doc- 
toral students  to  r.s.  universities.  Taiwan  and  South 
Korea  have  the  lowest  stay  rates  after  tjraduation;  China 
and  India  have  the  highest.  Tlie  pattern  appears  to  be 
that  as  Asian  economies  develop,  they  have  more  capaci- 
ty to  absorb  the  lari^e  numbers  of  s.v;:K  doctorate-holders 
from  r.s.  universities.  Because  China  is  now  the  fastest 
growini?  economy  in  the  world,  the  stay  rate  of  u.s.-edu- 
cated  doctoral  recipients  from  China  may  decline  in  the 
near  future.  (See  appendix  table  2-29.) 

Across  all  countries,  the  percentages  of  those  with 
firm  plans  to  stay — i.e..  those  with  tlrm  appointmeius  for 
postdoctoral  study,  or  firm  academic  or  industrial 
employment  offers  from  organizations  in  the  United 
States — are  much  lower  than  are  the  percentages  of 
those  who  say  they  would  like  to  stay.  It  is  noteworthy. 


\K\\ii  m  tills  sretion  arc  flcrivcd  ironi  the  Naiioiuil  Scit-'iict*  !-"uui](la- 
'iun\  sii|-\-cy  (it  !-..ii  iu'(l  PocioniU'S.  Ilu'  sun'cy  ilcni  on  posii^raduaiiifii 
pl.tus  Im*^  .in  Mt-|K-irrm  irspoiisf  niU'  ainontr  lorriiin  docunai  avipienis. 


Tlu'sc  piMwniat^os  mask  hn^v  (iirioroncvs  in  luinibt^rs  ol  docior- 
aU's.  Fur  fxamplc.  in  1991.  ihreo  linirs  a^  many  .Asian  docinral 
recipients  plaiuu-d  lo  ^^lay  and  work  in  ihe  Tniled  Stales  as  did  Wl. 
d(jctf)ratt's  i'rom  du*  Americas  and  Huropc. 


Figure  2-16. 

Foreign  citizens  in  U.S.  graduate  science  and  engineering  programs 


As  a  percentage  of  total  graduate  enrollment 


As  a  percentage  of  Ph.D.  recipients 
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Asian  Students  in  U.S.  Universities 


Over  400,000  foreign  sludenls— :>  percenl  of  total 
i;,s.  enrollment— attend  r,S.  institutions  of  higher  edu- 
cation. Over  half  of  these  students  (55  percent)  come 
from  Asia:  In  1991,  43  percent  of  undergraduate  for- 
eign students  were  Asian,  and  65  percent  of  the  gradu- 
ate (IIK  1991).  One  reason  for  this  concentration  is  that 
the  sharp  jump  in  the  value  of  Asian  currencies  rela- 
tive to  the  r.S.  dollar  has  greatly  increased  the  number 
of  Asian  students  with  the  financial  ability  to  study  in 
this  countr\^  (SRS  1993c). 

Asians  tend  to  major  in  S&K.  Over  80  percent  of  the 
baccalaureates  obtained  in  the  United  States  by  Asian 
natives  were  in  s<S:E  in  1991  (SRS  1993c).  Japanese  stu- 
dents are  the  single  exception  to  this  trend.  (See  text 
table  2-8.)  Over  half  of  the  Japanese  students  enrolled 
in  undergraduate  programs  at  r.S.  universities  in 
1989/90  were  in  non-S^vili:  fields. 

At  the  graduate  level,  too,  a  large  percentage  of 
Asian  students  in  U.S.  universities  are  enrolled  in  S^cK 
programs.  For  example,  9(5  percent  of  Taiwanese  stu- 
dents and  93  percent  of  Indian  students  were  in  S&K 
fields  in  1989/90.  Asian  countries  have  encouraged 
this  focus  on  science  and  engineering  by  providing 
scholarships  for  study  abroad  in  these  fields. 

r.S.  higher  education  institudons  are  also  a  signifi- 
cant source  for  the  doctoral  education  of  Asian  stu- 
dents, educating — based  on  data  from  China,  India. 
Japan,  South  Korea,  and  Taiwan— approximately  one- 
quarter  of  Asian  Ph.D.  recipients.  r.S.  universities  pro- 
vide more  engineering  doctorates  to  Indian  students 
than  does  India,  and  more  natural  science  and  engi- 
neering doctorates  to  Taiwanese  students  than  does 
Taiwan.  About  half  of  South  Korea  s  doctoral  degrees, 
and  one-third  of  China  s,  are  from  L'.S.  universities.  On 
the  other  hand.  Japanese  scientists  and  engineers 


Figure  2-17. 

Doctorates  obtained  in  natural  sciences  and 
engineering  by  Asians  within  country  and  in 
the  United  States:  1990 

Number  of  degrees 
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SOURCE:  Science  Resources  Studies  Division.  National  Science 
Foundation.  Human  Resources  (or  Science  and  Technology:  The  Asian 
Region.  NSF  93-303  {Washington.  DC:  NSF.  1993). 
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obtain  only  a  small  fraction  of  their  doctorates  in  the 
United  States.  (See  figure  2-17.) 


Text  table  2-8. 

Asian  students  in  U.S.  universities   

Total  enrollment  m  U.S.  institutions   S^udy  level  _  Major  field  of  study 

qq^j^^^                           """'1989/90        ~"  1990/91  Undergraduate   Graduate  Natural  sciences  Engineering 

 Number-   Percent  

Ch.na                                     33.3W             39.600  12.9            82.7  44.0  20.1 

Taiwan                                   30.960             33.530  19.0             76.3  5  .0  45.0 

Japan                                     29.840             36.610  61.7             19.5  31.0  14.0 

India                                      26,240             28,860  21.1             75.5  40.9  52.5 

South  Korea                             21,710             23.360  24A             69.7  35.6 

NOTES  Percentages  by  degree  level  and  field  are  estimated  from  the  Institute  of  International  Education  1989/90  foreign  student  sun/ey.  Details  do  not  add  to 
100  be-^ause  of  additional  data  not  included  here 

SOURCES.  Instaute  of  International  Education  HIE).  Profiles  1989-90.  Detailed  Analyses  ol  ms  Forcgn  Student  Population  (New  York-.  1 990);  and  HE.  Open 
Doors  1990-91  Report  on  Intematiunal  Education  Exchange  (Ne'.v  yorW.  1991). 
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iu)\v(*\('r,  llial  j)()si(l()cl()ral  ap|)()iiiinuMUs  an*  iiicri'asiivtr- 
ly  I'illcd  l)y  lorcit^ners  who  ol)laiiUHl  iheir  docioral 
(leirrces  iroin  l  uiiivcTsilic'S.  (See  appendix  table  2-!U).) 
Ill  a  lull  lialf  of  the  i)()Std(Knoral  ai)i)()iiUinents  in 
xvK  were  olfered  to  noiM'.S.  eilizens  who  obtained 
doctoral  dei^rees  in  r.s.  universities,  u\)  iVoin  about  ?>9 
|)erceni  in  11)81. 

Major  Sources  of  Financial  Support 

The  cost  of  hiixher  (Klucation  rose  about  four  times 
faster  than  did  family  ineonies  between  1982  and  1992.'- 
Not  suri)risin^ly.  students  have  turned  to  other  sources 
of  sui)poi1  to  help  pay  for  their  under.ii:raduate  and  grad- 
uate education.  In  the  last  10  years,  external  sources  of 
student  aid'"  for  r.S.  higher  edi;  tion  have  .thrown  from 
Sl()  U\  S'M)  billion  in  constant  dollars  (Knapp  1992). 

I'^xternal  sources  of  support  have  chan.i^ed  somewhat 
over  the  decade.  The  larirest  source  of  siii)i)ort  was  and 
continues  to  be  the  Federal  (Government.  The  lion's 
^hare  of  federal  snj)port  consists  of  loans:  SiH^cifically. 
Si:i7  billion  (in  1992)  in  the  (Guaranteed  Student  Loan 
Proirram  and  about  S9  billion  in  .i^rants  and  other  pro- 
,q:rams.  (See  appendix  table  2-:>l.)  In  1992.  some  10  per- 
cent of  the  14  million  students  enrolled  in  hi.i^her  educa- 
tion at  all  levels  relied  on  federal  t^uaranteed  loans  to 
finance  some  i)art  of  their  education.  Tiiis  proportion 
was  up  from  ?>{)  i)ercent  less  than  a  decade  a.i^o  (Knai^i) 
1992). 

Despite  this  increasin^nvliance  on  fediTal  loans,  howev- 
er, the  overall  share  of  federal  financial  aid  declined  over 
the  decade.  In  1982,  the  Federal  Ciovemment  accounted 
for  80  percent  of  all  student  aid.  By  1992,  it  accounted  for 
7\  percent.  Concurrently,  academic  instituti(ms  increased 
their  share  of  total  student  financial  support  from  12  to  19.5 
I)ercont.  State  .i^rants  to  students  accounted  for  6  perccMU  of 
financial  aid  throughout  the  decade. 

More  detailed  indicators  of  financial  sui)port  for  higher 
education  are  limited.  Tliis  section  p»*c'sents  data  on  su|> 
l)ort  reported  by  (1)  freshmen  in  4-y(^ar  collejxes  and  uni- 
versities and  (2)  S.K:K  j{raduate  students.  Support  sources 
and  mechanisms  are  discussed,  as  are  the  support  pat- 
terns for  foreij^n  students  studying;  at  l".s.  institutions. 

Support  for  College  Freshmen 

The  rising?  costs  of  higher  education  at  4-yoar  colleges 
and  universiti(*s  have  contributed  to  an  increased  stu- 
dent reliance  on  i)arents  or  other  relatives  for  academic 
support.  In  1992,  about  ()o  percent  of  all  freshmen. 


Costs  at  private  and  publit  univi-rNiuc^  incn-ascd  anniiul  lu'ivciil 
annually  during  thi^  lu  riofl.  wliilt-  in('(!i  in  laniily  imouK'  about  1 
p(wnl  annually  (Knapp  [W2). 

•Kxlmial  S(»urcTS  include*  It-deral.  siaK..  aiul  aradcuiir  in^iiuitions' 
Kiani  and  loan  programs. 

M)ala  in  thi<  section  arc  ironi  the  Hi^dicr  llducauon  R(.->earch 
hislilutr.  I  nivcrsily  ol  California  al  I.os  Anu't'U's.  Survey  ol  llie 
^   An-erican  I  ri'shman:  National  N'onns.  unpublished  lal)ulalions. 


re^^ardless  of  intended  major,  ro|)()rted  receivin.t^  at  least 
S  1.500  or  more  I'rom  parents  or  other  relatives  to  finance 
their  education.  This  proportion  was  u|)  considerably 
from  1982,  when  only  4()  percent  rei)orted  receiving  at 
least  Sl,5()()  from  this  source.-' 

Two  other  sources  of  support  became  increasingly  sig- 
nificant during  this  time  period.  In  1982,  9  percent  of 
freshmen  reported  receiving  at  least  Si, 500  from  their 
academic  institutions  in  grants  or  scholarships.  This  pro- 
portion had  climbed  dramatically  by  1992,  when  almost  a 
quarter  (22  percent)  of  all  freshmen  cited  this  source  of 
support.  Students'  own  savings  accounted  for  at  least 
SI, 500  in  sui)port  for  9  i)erccnt  of  the  freshmen  in  1982, 
and  for  1(:>  percent  in  1992. 

The  proportion  citing  reliance  on  federal  loans  re- 
mained steady  over  the  period,  on  the  other  hand.  In 
1992,  as  in  1982,  about  18  percent  of  all  freshmen  report- 
ed receiving  at  least  81,500  from  either  fedeiaily  guaran- 
teed student  loans  or  direct  federal  loans. 

Support  for  S&E  Graduate  Students  • 

In  1992,  academic  institutions  continued  to  account  for 
the  majority  of  support  for  masters  and  doctoral  students 
HI  Sc^i:.  The  i)redominant  mechanisms  of  support  for 


■■'nie  lo\.v(-r  'limit  oi>^1.r)(K)  was  rei)orled  in  current  dollars. 
Data  on  si)urces  ol'  graduate  support  arc  from  the  annual  National 
Science  l'(  mdalion  fall  sun/ey  of  i^raduaie  ^^!r:  deparimeius  (>Ks 
Ut9,*'>a).  llio  suivey  asks  all  full-lime  .u:raduaU'  students  to  indicate  Uieir 
"priniar>'  "  source  of  snppon.  Many  siudenis  fund  their  ijraduate  educa- 
tion wiiii  several  different  sources  of  linancial  aid.  some  ol  which  are 
noi  reported  on  the  survey.  Consequently,  although  the  data  in  this 
section  rei)resoni  a  majority  of  support  sources,  ihoy  do  not  represent 
all  sources. 


Figure  2-18. 

Number  and  status  of  foreign  doctoral 
recipients:  1991 
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these  siudenis  were  research  assistanlships  (KAs) 
and  leaching  assisiantships.  lliese  overall  trends  mask 
differences  by  degree  level,  field,  and  citizenship.  The 
following  paragraphs  discuss  these  differences. 

Support  by  Source.  Since  advanced  education  is  a 
critical  means  of  developing  the  human  resources  need- 
ed to  perform  the  Nation's  s<K:K  activities,  the  academic, 
industrial,  and  federal  sectors  have  traditionally  been 
key  sources  of  support  for  graduate  s<K:H  students.  These 
students  are  thus  far  less  likely  than  undergraduates  to 
finance  the  largest  part  of  their  education  through  family 
or  peisonai  resources.  In  1991,  half  of  the  primary  sup- 
port for  graduate  s«SrF.  students  was  provided  by  nonfed- 
eral sources  (i.e..  academic  institutions*'  and  private 
industry);  20  percent  was  from  the  Federal  Government; 
and  30  percent  consisted  of  self-support.  Since  1983.  the 
average  annual  increase  in  the  number  of  students  sup- 
ported by  these  sources  has  risen  by  3,  4,  and  1  percent, 
respectively. 

The  number  of  S.^l-  graduate  students  supported  by 
nonfederal  sources  grew  steadily  in  the  eighties  and  has 
grown  more  sharply  since,  rising  from  123.000  in  1983  to 
over  1,53.000  students  in  1991.  (See  figure  2-19.)  Most  of 
this  increase  is  due  to  a  growth  in  the  number  of  pro- 
vided by  universities.  (See  "Support  by  Mechanism." 
below,  and  appendix  tables  2-32  and  5-20.)  Federal  fel- 
lowships and  other  programs  supported  moderately 
increasing  numbers  of  graduate  students  in  S.^F.  between 
1983  and  1990.  helping  almost  58.000  graduate  students 
by  1990.  In  1991,  federal  support— like  nonfederal— 
increased  steeply,  reaching  an  additional  6.000  students. 
Several  agencies  accounted  for  this  increase,  including 
the  National  Science  Foundation  and  the  National 
Institutes  of  Health  and  other  Health  and  Human  Ser- 
vices agencies- 

Nonfederal  sources  provide  the  primary  financial  sup- 
port for  graduate  students  in  all  SK:K  fields  except  the  com- 
puter sciences  and  psychology:  Students  in  these  latter 
fields  have  a  high  level  of  self-support.  In  tenns  of  federal 
support,  graduate  students  in  the  physical  and  life  sciences 
receive  the  highest  percentages,  while  students  in  mathe- 
matics and  the  social  sciences  receive  the  lowest.  The 
number  oi  students  suppotted  in  mathematics,  however, 
increased  the  most  over  the  1983-91  period,  rising  9  per- 
cent annually.  The  lowest  annua!  increase  (0.9  percent)  in 
federal  support  was  in  the  environmental  sciences.  And  in 
the  social  sciences,  the  number  of  students  receiving  fed- 
eral support  decreased  annually  by  an  average  of  0.3  per- 
cent from  an  already  low  base.  (See  figure  2-20.) 

Support  by  Mechanism.  Fueled  by  growing  universi- 
ty research  funding,  teaching  assistantships  and— t^six^cial- 
!y_{^\s  have,  over  the  lasi  12  years,  displaced  fellowships  anc^ 
t'raineeships  i's  the  major  graduate  support  mechanism. 


ERIC 


Q        Support  from  academic  'mstitulions  includes  university  icsearcii 
unds  from  federal  Rranls  and  contracts. 


Figure  2-19. 

Major  sources  of  support  for  science  and  engineering 
graduate  students 
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(See  figure  2-21.)  By  1991,  \l\s  and  TAs  were  the  most  sig- 
nificant types  of  graduate  student  suppon:  27.5  percent  of 
students'  ;;rimary  support  came  from  \<\s  and  21  percent 
from  'r.\s.  Fellowships  and  traineeships  accounted  for  9  and 
5  i^ercent,  respectively,  of  the  primary  supp<:)rt  cited  by  gi*ad- 
uate  S!vK  students.  (See  appendix  table  2-34.) 

Use  of  these  support  mechanisms  varies  by  s^-i-  field. 
Eighty  percent  of  graduate  students  in  the  physical  sci- 
ences are  supported  by  either  RAs  or  r.-\s.  These  two 
mechanisms  also  represent  key  support  mechanisms  in 
the  environmental  and  life  sciences.  However.  lUs  are  a 
more  important  mechanism  than  l  As  in  engineering  and 
the  earth  and  life  sciences,  and  are  slightly  more  impor- 
tant in  the  physical  sciences.  TAs  are  more  than  twice  as 
important  as  KAs  in  mathematics  and  the  computer  sci- 
ences. Only  about  a  third  of  the  students  in  psycholo^T 
or  the  social  sciences  are  supported  by  r.\s  or  RAs. 
Fellowships  and  traineeships  are  not  the  key  mechanism 
of  support  in  any  field,  although  students  in  the  social 
sciences  are  as  likely  to  be  supported  by  a  fellowship  as 
by  a  research  assistantship. 

Support  for  Foreign  Students,  ''  Not  surprisingly, 
the  majority  of  funding  support  for  foreign  students  at  all 
levels  of  higher  education  is  from  non-l'.s.  sourc(^s. 
Personal  and  family  sources  provide  primary  funding 


■Data  on  foreign  sludent  support  i\[  all  levels  are  Iroin  III-. 
doctoral  support  (lata  aro  irom  (ho  Na(i(Mial  Sciria'c  Foundation's 
Doctorate  Records  File.  (SeesHs  \\mi\.) 
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Figure  2-20. 

Major  sources  of  graduate  student  support,  by  field 


Figure  2-21. 

Major  mechanisms  of  graduate  support 
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suj)|)()n  tor  (>l  percent  of  forei.t^n  sludenls;  an  additional 
\)  iHMVent  cornes  from  iheir  home  governments,  universi- 
ties, and  forelt^n  private  sponsors.  l  .S,  sources  are  the 
primaiy  Umdin.c:  support  of  only  27  perctMit  of  foreii^n 
students.  This  support  is  i)rovided  by  r.s.  colleges  and 
inilversitles  (19  percent)  and  the  r.s.  Government  (2  per- 
cent); ()  percent  of  forei.i^n  students  cite  employment  and 
r.s.  private  sponsors  as  their  primar\^  support  source  (HI-: 

mi). 

In  strikintr  contrast.  I  sourc(^s  are  the  primary  fund- 
ing suppoil  of  80  percent  of  all  foreign  doctoral  S^:I-:  stu- 
dents. This  is  because  r.s.  universities  subsidize  the 
education  of  all  s.vci:  doctoral  students — regardless  of  citi- 
/enshij)— in  "hard"  sciences  (i.e..  the  natural  sciences 
and  engineering).  Foreign  doctoral  S.Krii  students  are 
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concentrated  almost  exclusively  in  these  fields.  Over 
three-quarters  of  foreign  s*.^!-:  doctoral  students  r(veive 
their  primary^  funding  support  in  the  form  of  either  RAs 
(including  some  research  funds  to  universities  from  fed- 
eral grants).  TAs.  or  university  fellowships.  Tliree  {lercent 
comes  from  federal  fellowships  or  iraineeships.  About  20 
percent  of  foreign  doctoral  S^v^K  students  cite  various 
forms  of  self-sui)i)orl — family,  loans,  earnings,  and 
spouse's  earnings — as  their  primaiy  funding  sui)porr 

For  r.s.  citizens,  about  half  of  the  i)riniaiy  supi)oi1  cited 
is  from  universities — again  in  the  form  of  R.\s.  lAs.  and 
university  fellowships.  About  lo  percent  of  primaiy  su|)- 
port  cited  by  doctoral  s^vcl-;  students  is  from  federal  fellow- 
ships and  traineeships.  The  remaining  third  of  primaiy 
support  is  self-suppoil.  either  through  their  own  or  their 
spouse's  earnings,  or  through  loans  or  family  assistance. 
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Industrlvl  Employment  of  Scikntists,  Enchnkers, 

AND  TECHNICLANS 

♦  r.s.  industrial  firms  employed  1.3  million  engi- 
neers and  667,000  scientists  in  1992.  Between 
1989  and  1992.  total  industrial  science  and  engineering 
(s&E  ) employment  increased  at  an  average  annual  rate 
of  1.5  perc(.'nt.  considerably  below  the  3.(>percent  rate 
registered  during  the  preceding  9-year  period. 

♦  The  total  number  of  s&E  jobs  in  the  manufactur- 
ing sector  fell  for  the  first  time  in  more  than  a 
decade.  Tlie  number  of  jobs  filled  by  engineers 
declined  from  804,000  in  1989  to  767.000  in  1992. 
Four  of  the  five  largest  engineering  specialties  and  all 
five  manufacturing  industries  employing  the  largest 
numbers  of  engineers  had  reductions. 

♦  In  the  late  1980s,  the  nonmanufacturing  sector 
overtook  the  manufacturing  sector  as  the  lead- 
ing employer  of  scientists  and  engineers.  More 
than  1  million  scientists  and  engineers  were 
employed  in  nonmanufacturing  industries  in  1992.  a 
12-percent  increase  over  the  1989  level. 

♦  The  total  number  of  technician  jobs  in  industry 
climbed  steadily  during  the  1980s,  reaching  a 
total  of  1.5  million  in  1989.  Between  1989  and 
1992,  there  was  a  cutback  in  technician  jobs.  Although 
there  was  a  3-percent  gain  in  technician  jobs  in  the 
nonmanufacturing  sector,  this  increase  was  offset  by 
an  11-percent  decline  in  manufacturing  industries. 

S&E  L\BOR  M'VRKET  CONDITIONS 

♦  The  1992  unemployment  rate  for  engineers  was 
3.8  percent;  natural  scientists,  2.3  percent;  and 
mathematical  and  computer  scientists,  2.6  per- 
cent. Although  scientists  and  engineers  are  less  like- 
ly to  be  unemployed  than  other  t\'pes  of  workers  (the 
overall  unemployment  rate  was  6.7  percent  in  1992), 
these  unemployment  rates  are  higher  than  those 
recorded  a  couple  of  years  ago.  hi  addition,  the  unem- 
ployment rate  for  engineers  is  now  higher  than  it  was 
during  the  "aerospace  recession"  of  the  early  1970s. 

♦  Organizations  that  track  entry-level  hiring  all 
report  a  reduction  in  employer  recruiting  of  new 
college  graduates  in  die  1990s.  Although  all  recent 
college  graduates  have  been  affected  by  the  decrease  in 
recruiting  activity,  s<K:K  gi-aduates  are  faring  better  than 
those  who  majored  in  other  disciplines  and  are  contin- 
uing to  command  higher  i>^,tarting  salaries  than  their 
counterparts  in  non-s^i-K  fields.  Tlie  rate  of  increase  in 
their  starting  salaries,  however,  slackened  after  1990. 


The  Impact  of  Defense  Downsizlnc;  on  S&E 
Employment 

♦  Reduced  defense  spending  is  adversely  affecting 
engineering  emplovTnent.  Recent  government  pro- 
jections show  that  more  than  two  out  of  tlve  engi- 
neering, defense-related,  civilian  jobs  have  been  or 
will  be  lost  between  1987  and  1997.  Engineers  who 
have  spent  their  entire  careers  working  in  the 
defense  industry  and  have  become  highly  specialized 
may  have  difficulty  finding  civilian  sector  jobs. 

♦  Defense  downsizing  has  affected  industry's 
employment  of  r&d  scientists  and  engineers. 

The  total  number  of  full-time-equivalent  R&D  scien- 
tists and  engineers  working  for  industrial  firms 
declined  from  730,000  in  1990  to  684,000  in  1992.  In 
the  aircraft  and  missiles  indust^v^  the  number  of  fed- 
erally supported  research  and  development  scien- 
tists and  engineers  declined  20  percent  in  the  early 
1990s. 

Engineering  Employment 

♦  Recent  trends  in  r,s.  engineering  employment 
show  a  loss  of  50,000  jobs  between  1987  and 
1992;  the  unemployment  rate  doubling;  and  slug- 
gish growth  in  salaries  relative  to  those  earned  in 
other  professions.  The  engineering  workforce  is  cur- 
rently feeling  the  pinch  of  the  recession,  cutbacks  in 
defense  spending  and  research  and  development,  and 
industry  downsizing.  If  there  is  a  substanfial  amount  of 
defense  conversion,  however,  the  loss  in  defense  jobs 
may  be  offset  by  the  creation  of  new  op.portunities  in 
emerging  industries. 

♦  The  engineering  specialties  most  adversely 
afi'ected  by  the  slow  economy  and  lower  defense 
budgets  are  electrical  and  electronic,  industrial, 
and  aerospace.  Other  engineering  specialties — 
environmental,  civil,  chemical,  petroleum,  systems, 
and  software — appear  relatively  more  immune  to  the 
recession  and  defense  cutbacks. 

Forecasting  the  S&E  Job  IVLvrket 

♦  The  most  recent  studies  of  the  future  s^j^iH  job  market 
(that  take  into  account  defense  downsizing)  yielded 
the  following  conclusions  for  1990-2005.  Employment 
in  technical  occupations  will  grow  at  a  faster  pace 
than  overall  employment.  Employment  in  technolo- 
gy-intensive industries  will  grow  at  about  the  same 
rate  as  employment  in  general:  and  surpluses  are 
more  likely  to  be  observed  in  the  St^E  job  market  than 
shortages,  but  the  latter  (especially  in  specific  fields) 
cannot  be  ruled  out. 
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D(KT()R.AL  Scientists  in  the  Workforce 

♦  In  1991,  approximately  367,000  doctoral  scien- 
tists and  70,000  doctoral  engineers  were 
employed  in  the  United  States.  Doctoral  scientists 
had  ail  extremely  low  unemployment  rale — L5  per- 
cent in  1991.  Recently,  however,  their  professional 
associations  have  been  documenting  employment  dif- 
ficulties faced  by  new  doctoral  recipients,  focusing  on 
the  lack  of  permanent  full-time  job  openings  in 
academia. 

Women  .vnd  Minorities  in  the  S&E  Workforce 

♦  Women,  blacks,  and  Hispanics  are  underrepre- 
sented  in  the  engineering  workforce  and  some 
of  the  physical  sciences,  e.g.,  physics  and  geol- 
ogy. Some  progress  has  been  made,  however, 
over  the  past  decade.  Betvveen  1983  and  1992.  the 
percentage  of  women  in  the  engineering  workforce 
increased  from  5.9  percent  to  8J  piTcent,  the  per- 


centage of  blacks  increased  from  2.6  percent  to  4.0 
percent,  and  the  percentage  of  Hispanics  increased 
from  2.2  percent  to  3.1  percent. 

♦  Women  comprised  18.8  percent  of  the  doctoral 
S&E  workforce  in  1991.  While  women  are  well 
represented  in  psychology  and  fairly  well  represent- 
ed in  the  social  and  life  sciences^  they  accounted  for 
only  3.4  percent  of  all  doctoral  engineers  in  1991. 

Immigrants  in  tiie  s&e  Workforce 

♦  The  flow  of  S&E  immigrants  to  the  United  States 
reached  an  all-time  high  of  nearly  23,000  in 
1992.  Most  of  these  immigrants  were  bom  in  the 
Far  East,  ;  rimarily  in  India,  China,  and  Taiwan,  In 
addition,  unprecedented  numbers  of  scientists  and 
engineers  from  the  former  Soviet  Union  entered  the 
United  States  in  1991  and  1992,  accounting  for  almost 
2.400  visas  in  those  2  years. 


Introduction 

Chapter  Background 

The  United  States  produces,  nurtures,  and  maintains 
the  largest  science  and  engineering  (s.v::K)  workforce  in 
the  industrialized  world.  According  to  the  most  recent 
government  projections,  employment  in  technical  occu- 
pations will  grow  at  a  faster  iyavc  than  overall  employ- 
ment during  the  rest  of  this  centuiy  and  past  the  year 
2(K)().  But  in  the  early  I99()s,  the  recession,  defense-relat- 
ed spending  cutbacks,  adduced  research  and  devt^lop- 
ment  (Kv^D)  budgets,  and  industr\'  downsizing  all  took 
their  toll  on  ^^v^k  employment.  Manufacturing  SvK:H 
employment  declined  for  the  first  lime  in  more  than  a 
decade:  unemployment  rates  rose;  recioiiling  of  recent 
college  graduates  declined;  enlrvMevel  salaries  stagnat- 
ed; and  overall  salary'  growth  did  not  keep  pace  with  that 
of  other  professional  occupations.  Despite  these  trends, 
scientists  and  engineers  have  fared  belter  than  almost 
every  other  kind  of  worker,  llie  tight  labor  market  has 
not  precluded  some  s^^iMrained  individuals  from  finding 
meaningful,  challenging  work  opportunities  outside  tra- 
ditional s.ycl-:  occupations. 

The  contribution  of  scientists  and  engineers  to  a 
healthy  and  competitive  economy  is  vastly  dispropor- 
tionate to  their  (less  than  4  percent)  representation  in 
the  total  labor  force,  because  they  are  responsible  for 
the  advancements  in  science  and  technology  that  lead  to 
new/improved  products  and  processes  that  in  turn  k»ad 
to  economic  expansion  and  the  universally  sought-after 


higher  standard  of  living.  In  addition,  their  value  to  soci- 
ety has  been  accelerating  when  measured  against  a 
backdrop  of  a  worldwide  economy  in  which  the  pace  of 
technological  change  is  moving  rapidly;  competition  in 
the  international  marketplace  is  intensifying;  and  the 
quest  for  solutions  to  health,  environn^ental.  and  a  host 
of  other  worsening  societal  problems  is  becoming 
increasingly  urgent. 

Chapter  Organization 

This  chapter  begins  with  a  discussion  of  Sv^:-!-:  employ- 
ment by  sector.  Hmployment  of  scientists,  engineers, 
and  technicians  in  the  industrial  sector  is  examined,  fol- 
lowed by  a  discussion  of  scientists  and  engineers 
employed  by  the  Federal  (iovernment.  (This  chapter 
does  not  contain  a  specific  section  devoted  to  scientists 
and  engineers  employed  by  colleges  and  universities, 
because  they  are  covered  in  chapter  5.)  Other  topics 
examined  are  scientists  and  engineers  engaged  in 
research  and  development  in  the  United  States  and  w^u 
employment  by  I'.s.  companies  in  other  countries. 

'lliis  chapter  also  covers  the  SvVH  labor  market,  includ- 
ing the  impact  of  defense  downsizing  on  technical 
employment  and  recent  efforts  to  forecast  the  supply  and 
demand  for  technical  workers.  Separate  sections  are 
devoted  to  employment  trends  among  doctoral  scientists 
and  engineers  and  special  populations  in  the  SXK  work- 
force, including  women,  minorities,  and  immigrants. 
Finally,  comparative  data  on  international  em.ploy- 
ment  are  provided. 
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Chapter  3.  Science  and  Engineering  Workforce 


S&E  Employment  by  Sector 
Industrial  S&E  Employment 

Most  scienlisls  and  engineers  v/ork  in  indiistiy.  In 
there  wrre  nearly  2  million  industrial  Sc^;:K  jobs,  with  en^n- 
neers  outnumbering^  scientists  two  to  one  (r.Ls'  annual 
series).  (See  appendix  table  3-L)  * 

'File  r'Ue  ol  p:ro\vth  in  industrial  s&K  employment  slowed 
considerably  in  the  early  1990s.  Between  1989  and  1992. 
U/tal  industrial  s^rK  employment  increased  at  an  average 
annual  rate  of  L5  percent,  far  below  the  3.(i  percent  rale 
rej^isiered  between  1980  and  1989.  Despite  the  slowdown, 
the  rate  of  ^jrowth  in  industrial  s<K:K  employment  outpaced 
that  for  total  industrial  employment,  continuing  a  trend 
that  began  before  1980.  Between  1980  and  1992,  the  s.K:K 
share  of  tot<  1  industrial  employment  gradually  increased, 
rising  from  2.1  percent  in  1980  to  2.5  percent  in  1992. 

The  major  contributing  factor  to  the  increase  in  indus- 
trial ^<S:i-:  employment  between  1980  and  1992  was  a 
doubling  in  the  number  of  jobs  filled  by  computer  si)e- 
cialists.  This  group  now  accounts  for  more  than  haif  of  all 
scientists  employed  by  industiy.  Their  proportion  of  total 
industrial  s^K:i-:  employment  increased  from  13  percent  in 
1980  to  18  percent  in  1992. 

Industrial  S&E  Employment  in  Manufacturing 

Manufacturing  Employment  of  Engineers.  The 

total  number  of  engineering  jobs  in  the  manufacturing 
sector  fell  for  ih.e  first  time  in  more  than  a  decade,  hi 
1992,  there  were  767.000  engineering  jobs  in  manufactur- 
ing, down  nearly  5  percent  from  the  level  recorded  3 
years  eariier.  Tliis  cutback  in  engineering  employment 
ended  an  extended  period  of  engineering  job  creation. 
Between  1977  and  1989,  the  total  number  of  engineering 
jobs  in  manufacturing  increased  nearly  60  percent. 

In  gen(M*al.  the  decline  in  engineering  employment  in 
manufacturing  in  the  early  1990s  was  across  the  board. 
Four  of  the  five  largest  engineering  specialties,  and  the 
five  manufacturing  industries  employing  the  largest  num- 
bers of  engineers,  had  reductions.  (See  figures  3-1  and  3- 
2  and  "F.ngineering  Employment  in  the  '90s.") 

Among  the  five  largest  engineering  specialties,  the 
largest  percentage  cutback  was  in  aeronaidical/astronau- 
deal  engineering.  \\\  this  specialty,  the  total  number  of 
jobs  fell  26  percent  between  1989  and  1992.  Tlie  entire 
loss  appears  to  have  occuired  in  the  transportation  equip- 
ment industry,  which  is  the  largest  employer  of  aeronau- 
tical/astronautical  engineers.  Many  of  these  engineers 
were  working  for  aircraft  and  missiles  companies  and 
were  assigned  to  defense-related  projects  that  are  being 
curtailed  or  eliminated.  (See  'The  Impact  of  Defense 
Downsizing  on  Technical  Employment.") 

Job  losses  in  industrial  engineering  numbered  13,000 
between  1989  and  1992.  the  largest  absolute  decline  of 
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any  engineering  specialty.  The  transportation  equip- 
ment industr\^  the  largest  employer  of  industrial  engi- 
neers in  the  late  1980s  and  early  1990s,  accounted  for  70 
percent  of  the  decrease  in  industrial  engineering  jobs  in 
manufacturing. 


Figure  3-2. 
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Engineering  Employment  in  the  *90s 


Tlie  engineering  specialties  most  adversely  allected 
by  the  slow  economy  and  lower  defense  budgets  are 
electrical  and  electronic,  industrial,  and  aerospace.  Job 
losses  among  these  categories  amounted  to  an  esti- 
mated 41,000,  25,000,  and  23,000,  respectively,  between 
1987  and  1992.  (See  appendbc  table  3-7.)  Of  these  three, 
aerospace  registered  the  highest  percentage  loss  of 
jobs,  22  percent,  during  the  late  1980s  and  early  1990s. 
Not  surprisingly,  there  has  been  a  drastic  decline  in  job 
offers  to  recent  aerospace  engineering  graduates.* 

Other  engineering  specialties  appear  relatively  more 
immune  to  the  recession  and  defense  cutbacks: 

♦  Environmental  engineers:  Enactment  of  tougher 
environmiental  laws  and  regulations  has  increased  the 
demand  for  engineers  with  expertise  in  toxic  waste 
disposal,  hazardous  material  handling,  and  emissions 
control.  Tliey  ar^;  also  serving  as  consultants,  advising 
companies  on  how  to  minimize  the  cost  of  compliance 
with  emironmental  laws  and  regulations. 

♦  Civil  engineers:  The  need  for  increased  invest- 
ment in  public  works  and  the  repair/rebuilding  of 
the  aging  infrastructure,  e.g.,  subway  systems, 
bridges,  and  buildings,  in  many  U.S.  cities  appears 
to  have  boosted  demand  for  civil  engineers. 

♦  Chemical  and  petroleum  engineers:  Demand 
for  these  engineers  has  led  that  for  all  other  engi- 
neering specialties  for  the  past  several  years.  The 
scarcity  of  graduates  in  these  two  specialties  is 
reflected  in  their  starting  salaries  which  are  high- 
er than  those  received  by  any  other  recent  gradu- 
ates (and  which  also  showed  the  largest  percent- 
age gains  between  1988  and  1993).  Tlie  petroleum 
refining  industiy,  one  of  the  leading  employers  of 
these  two  types  of  engineers,  has  been  less  affect- 
ed by  the  recession  than  most  other  industries. 

♦  Systems  and  software  engineers:  Their  services 
are  in  great  demand,  not  only  in  software  companies. 


but  also  in  hardware  firms  where  emphasis  on 
state-ot-the-art  technology  is  increasingly  shifting 
from  hardware  to  software  (Engineering  Man- 
power Commission  1992b).  In  addition,  because  of 
the  application  of  computer  technology  across  all 
sectors  of  the  economy,  demand  for  software  engi- 
neers shows  no  sign  of  slowing. 
Several  recent  trends  in  engineering  employment 
'  should  be  noted: 

♦  Demand  for  engineers  has  infiltrated  almost  every 
industry,  from  manufacturing  to  the  service  sector. 
Their  computer,  quantitative,  and  problem-solving 
skills  provide  entree  to  various  industries,  including 
consulting  and  other  types  of  service  sector  firms.** 

♦  The  increasing  use  of  computer-aided  design  and 
computer-aided  manufacturing  (c\\i)/cAM)  sys- 
tems and  other  automation  tools  has  brought 
about  major  improvements  in  productivity  across 
all  sectors  of  the  economy.  These  technological 
advances  have  also  resulted  in  improved  produc- 
tivity in  the  engineering  profession  itself,  because 
the  amount  of  (engineering)  labor  needed  to  per- 
form certain  tasks  has  been  falling.  For  example, 
no  one  doubts  that  rebuilding  the  aging  infi^astruc- 
ture  will  sustain  strong  demand  for  civil  engineers 
throughout  the  1990s.  But  this  demand  could  be 
partially  offset  by  increased  use  of  C/M)/cmi  sys- 
tems (Engineering  Manpower  Commission  1991a). 
In  addition,  the  increasing  use  of  automation 
allows  technicians  and  other  paraprofessionals  to 
be  more  easily  substituted  for  engineers. 


M-'or  example,  recent  Cal'IVch  enKineerinp:  graduates  did  not 
receive  a  single  job  offer  from  any  of  the  major  aerospace  companies 
in  Southern  California  (Engineering  Manpower  Commission  1992b). 

**At  least  one  quarter  of  the  1.600  new  graduates  hired  in  1992  by 
Anderson  Consulting,  the  ii\formation  systems  consulting  arm  of  the 
Arthur  Anderson  accounting  firm,  majored  in  engineering.  See 
Engineering  Manpower  Commission  (1992b), 


Ten  thousand  electrical/electronics  enghiepriug  j()])s 
were  lost  between  1989  and  1992.  Tlie  largest  cutbacks 
were— again— in  the  transportation  equipment  industiy, 
and  also  in  the  electrical  equipment  industr\'.  'ITiese 
losses  amounted  to  (iOOO  and  5,()()()  jobs,  respectively. 
There  was,  however,  a  small  increase  in  electrical/elec- 
tronics engineers  in  the  machineiy  industiy. 

There  were  fewer  mechanical  oighieenugjob)^  in  1992 
than  3  years  earlier.  Reductions  amounting  to  3,000  jobs 
in  the  machinery  industiy  and  2,000  in  the  electrical 
equipment  industry  were  only  partially  offset  by  increas- 
es in  the  transportation  equipment  and  instruments 
O  lustries. 


ERIC 


Of  the  five  largest  engineering  specialties,  only  chemi- 
cal engineering  showed  a  gain  for  the  1989-92  period. 
Employment  in  this  field  had  been  declining  during  the 
inid-  and  late  1980s,  but  a  turnaround  in  the  early  1990s 
increased  the  total  number  of  jobs  in  this  field  by  9  per- 
cent between  1989  and  1992. 

Manufacturing  Employment  of  Scientists.  Unlike 
engineering,  the  total  number  of  scientists' jobs  in  manu- 
factunng  increased  during  the  early  1990s,  but  at  a  much 
slower  pace  than  that  registered  during  the  mid-  and  late 
1980s.  There  were  approximately  9,(K)0  more  scientists 
working  for  manufacturing  firms  in  1992  than  in  1989. 
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I  )urinjx  thai  ii-ycar  period,  the  nuinber  of  biolo^ncal  sciciv 
lists  increased  by  H.OOO.  or  pcrceni.  Most  of  ibis 
increase  occurred  in  the  cbemicals  and  allied  products 
industry  wbich  includes  dni^x  manufacturers.  Tbis  hw^c 
increase,  and  a  modest  increase  in  Ihc  number  of  com- 
puter specialists,  bowever,  were  offset  by  small  declines 
in  otlier  scienlitlc  specialties,  including?  cbemisir\^  and  ibo 
mathematical  sciences. 

Manufacturing  Employment  of  Technicians.  Over- 
all, there  was  a  more  than  l()-percenl  decline  in  the  total 
number  of  technician  jobs  in  manufacturing  between 
1989  and  1992.  llie  four  largest  groups  within  this  cate- 
gory—electrical/electronics engineering  technicians, 
drafters,  computer  programmers,  and  chemical  techni- 
(^^ians— all  had  reductions.  Ilie  largest  declines  were  in 
electrical/electronics  engineering  and  computer  pro- 
gramming, with  job  losses  amounting  to  2?>.0()()  and 
21.000.  respectively,  between  1989  and  1992.  As  with 
engineers,  the  loss  in  technician  jobs  was  widespn^id 
across  industries.  For  example,  the  four  manufacturing 
industries  employing  the  largest  numbers  of  technicians 
all  had  reductions  betwen  1989  and  1992.  The  losses 
ranged  from  a  reduction  of  21.000  positions  in  the 
machinery  industry  to  a  loss  of  5.000  positions  in  the 
instruments  industry.  (See  figure  3-3.) 

Industrial  S&E  Employment  in  Nonmanufacturing 

hi  the  late  1980s,  the  nonmanufacturing  sector  overtook 
the  manufacturing  sector  in  term.s  of  total  s^-i-:  employ- 
ment. Tliis  changeover  is  largely  attributable  to  growth  in 
the  number  of  jobs  for  computer  specialists.  In  1980.  com- 
puter specialists  accounted  for  one  out  of  ever\'  five  scien- 
tists and  engineers  employed  in  the  nonmanufacturing 
sector:  in  1992.  they  accounted  for  nearly  one  out  of  four. 


Figure  3-3. 
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Nonmanufacturing  Employment  of  Engineers. 

There  were  nearly  HOO.OOO  engineering  jobs  in  the  non- 
manufacturing  sector  in  1992,  In  conii*ast  to  ihe  decline  in 
engineering  employment  in  the  manufacturing  sector  in 
the  early  1990s,  the  number  of  jobs  in  the  noimianufac- 
turing  sector  increased  cS  percent  between  1989  and  1992. 
Most  of  the  gain  occurred  in  the  engineering  and  com- 
puter sei^^ices  industries. 

Nonmanufacturing  Employment  of  Scientists,  in 

1992.  the  nonmanufacturing  sector  employed  approxi- 
mately 460.000  scienusts.  a  l(>percent  increase  over  the 
level  recorded  for  1989.  More  than  half  these  jobs  were 
filled  by  computer  specialists:  the  total  number  of  these 
scientists  increased  10  percent  between  1989  and  1992. 
The  number  of  jobs  in  the  other  scientific  specialties, 
although  far  fewer  in  number  than  those  for  computer 
specialists,  had  higher  rates  of  growth  during  the  1989-92 
l)eriod.  ranging  from  nearly  10  i)ercent  for  social  scien- 
lisls  to  10  percent  for  mathematical  scientists. 

Nonmanufacturing  Employment  of  Technicians. 

The  total  number  of  technicians  employed  by  the  non- 
manufacturing  sector  increased  from  920.000  in  1989  to 
9.50.000  in  1992.  Most  of  this  increase  occurred  in  the 
computer  services  induslrv'  which  gained  18.000  techni- 
cian jobs  during  this  period. 

Federal  S&E  Employment 

The  Federal  Government  employed  approximately 
170.000  scientists  and  115.000  engineers  in  1991.  making 
it  the  single  largest  employer  of  scientists  and  engineers 
in  the  United  States  {ovM  1985.  1991).-  (See  appendix 
table  3-2.)  Over  one-fourth  of  the  scientists  and  engineers 
employed  by  the  irovemment  are  engaged  in  research 
and  development,  this  segment  of  the  federal  nK:!-:  work- 
force is  concentrated  in  laboratories  run  by  the 
Departments  of  Defense  (DOD).  Agriculture.  Health  and 
Human  Semccs:  and  the  National  Aeronautics  and  Space 
Administration  (nas.a).  The  other  three-fourths  of  the  fed- 
eral Scv::!-  workforce  are  responsible  for  managing  natural 
resources:  data  collection  and  statistical  analysis;  devel- 
opment, implementation,  and  enforcement  of  government 
regulations:  construction  of  public  works  j)rojects:  testing 
and  evaluation:  and  administration  of  ScK:K  activities  (nkc 
1993.  p.  17). 

Yhe  Department  of  Defense  is  the  government  s  largest 
employer  of  both  scientists  and  engineers,  accounting  for 
one  out  of  ever\'  three  federally  employed  scientists  and 
two  out  of  eveiy  three  (engineers.  (See  figure  !->-4.)  In  gen- 
eral, the  impact  of  defense  downsizing  on  sv;:!-  employment 


Tlu'si'  (lata  wcro  colloctorl  by  the  Oificr  ot  IVi-soniii'l  ManatrcMnont. 
'I'hi*  numbers  do  not  include  scientists  and  onj^ineers  working,'  at  federal' 
ly  funded  research  and  developiiicut  centers,  or  those  working,'  at  oi-^iani- 
/at ions  (e.^;..  collepjes  and  universities,  national  laboratories,  or  industrial 
llrms)  that  receive  f(»deral  .trraiits  and  contracts.  I-or  additional  informa- 
tion on  how  these  ilata  were  collected,  see  sus  (MW). 
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(sre  "The  Iinpacl  of  Defense  Dowiisizinij:  on  reeliiiical 
Kniploymenl*')  is  not  yet  retlected  in  K^overnnient  employ- 
nuMU  statistics  (jusi  as  it  is  not  yen  n^leclcd  in  federal  \m) 
expenditure  data— see  chapter  i).  Between  1985  and 
1991,  Icon's  employment  of  scientists  and  en^^nneers 
increased  cSand  11  percent,  respectively.  Durini^this  period 
however,  there  were  cutbacks  in  several  s.v::i-:  fields, 
includinjx  mathematics  and  statistics  and  civil,  industrial, 
and  chemical  enK^neerinK^ 

Employment  of  Scientists,  Between  1985  and  1991, 
the  number  of  scientists  employed  by  the  Federal 
Government  increased  about  16  percent.  Most  of  this 
growth  was  lueled  by  a  32-percent  increase  in  the  employ- 
ment of  coniputer  scientists.  By  1991,  this^jroup  outnunv 
bered  all  other  s.v::K  occupational  ^jroups,  accounting?  for 
5?),00()  federally  employed  scientists.  Half  these  computer 
scientists  were  employed  by  Don.  'Flic  Treasury  Depail- 
meiU  had  the  s(\n)nd  hijxhest  number  (5,300).  Kmploy- 
meiU  of  cominiter  scientists  by  this  a^^cncy  increased  83 
percent  between  1985  and  1991. 

Life  scientists  are  the  second  most  prevalent  s^^v:  RToup 
within  the  federal  workforce.  Three  out  of  five  of  the  more 
than  37,000  scientists  classified  in  this  occupational  ^jroup 
in  1991  were  employed  by  the  Ajj^riculture  Department. 
The  Interior  Department  had  the  second  hi^^hest  number 
(5J00),  followed  by  Health  and  Human  Services  (3,300). 
The  latter  had  a  4f>percent  ^^ain  over  the  number  repoil- 
ed  in  1985.  TIktc  was  an  across-the-board  increase  in 
Health  and  Human  ScM-vices  i)ro^n*ams  durin^^  the  late 
1980s:  a  substantial  part  of  the  j^rovvth  in  employment  of 
life  scientists  is  probably  attributable  to  increased  fundin.i^ 
for  the  National  Institutes  of  Health  s  health  research  on 
AIDS  and  other  diseases.  (See  chapter  4.) 

Employment  of  Engineers.  Total  federal  employ- 
nUMit  of  en^^ineers  increased  \2  percent  between  1985 
and  1991.  The  most  i)reva!ent  enj^ineerint^  specialty  with- 
in the  federal  work  fore  e---accountin^^  for  over  30  percent 
of  the  total  number  of  engineers— is  the  electrical  and 
electronics  subfield.  NASA,  which  employed  12,000  en^^i- 
neers  in  199L  ranks  a  distant  second  to  DoD  in  en^ineer- 
in^x  employment.  NASA,  however,  increased  its  hhin^  ot 
en.^ineers  30  percent  between  1985  and  1991. 

R&D  Employment 

R&D  Employment  in  the  United  States 

In  1989,  an  estimated  950,000  scientists  and  en^dneers 
were  employed  on  a  full-time-equivalent  (I'ri:)  basis  in 
R.v;:!)  in  the  United  States.  Appimimately  tlu-ee-fouilhs  of 
these  KvK:D  i)rofessionals  were  employed  by  industrial 
firms,  roughly  18  i)ercent  by  academic  institutions,  and  6 
percent  by  federal  a^jencies  (SHS  1992b,  pp,  29  and  63). 
(See  appendix  table  3-3.) 

The  rate  of  increase  in  \m)  spending  in  the  United 
"tales  slowed  after  1985  (see  chapter  4,  "National 


Figure  3-4. 
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Chapter  3  Science  and  Engineerinq  Workforce 


The  Impact  of  Defense  Downsizing  on  Technical  Employment 


'Hie  end  of  iho  Cold  War  has  nicaiil  a  dramatic  cur- 
lailincni  in  overall  delVnse  s|KMKlin.JZ  (see  chaplcT  \  lor 
a  discussion  ol" defense  \<^\)  fundin.ir)  ihal  has  adverse- 
ly aftected  s^KrH  eniploynienl.  Defense  cutbacks  beRan  in 
1988  and  are  likely  to  escalate  during?  the  next  few 
y(^ars.  Therefore,  ihe  full  inij)acl  of  the  "peace  dividend" 
on  xKri-  eniploynienl  is  unknown.  Bureau  of  Uibor 
Statistics  (hls)  estimates  made  in  early  1993  show  the 
United  States  losing  more  than  7()(),()(H)  defense-related 
civilian  jobs  b(^tween  1987  and  1992,  and  an  additional 
1.3  million  jobs  between  1992  and  1997— a  4()-percent 
reduction  over  the  l()-year  period  (Saunders  1993.  p.  3). 
(See  fi^^urc  3-5  and  appendix  table  3-10.) 

Although  scienlists  and  engineers  comprise  only  3 
to  4  percent  of  the  total  i  .s.  labor  force,  they  accomU 
for  a  higher  proportion— 8  to  9  i)ercent— of  all  defense- 
related  civilian  eiiiployment.  (  Technicians  account  for 


Figure  3-5. 

Defense-related  employment 


Tnousands  ol  emoioyees 


■1  500 


3  000 


Nontechnical 
employment 


1  500 
300  r  ■ 


250  \ 


n 


n 


200  1-. 


Technical  employment 


150 


100 


50  f 


199"* 


J- 


Physical    Computer,  math.    Engineers  Technicians 
scientists     and  operations 
research  analysts 


See  appendix  table  3-10 


Saence  &  Engineering  Indicators  -  1993 


}  S 


an  additional  j)erceni  of  defense-related  civilian 
employment.)  In  1987,  approximately  16  percent  of  the 
engineers  and  11  i)ercent  of  the  (natural,  computer, 
and  math)  scientists  working  in  the  United  States  were 
ijwolved  in  defense  work.  Those  j)ercentaffes  dropped 
10  i;5  and  8  p(Tcenl,  respectively,  in  1992. 

Engineers  are  heavily  represented  in  industries  that 
l)roduce  military-related  hardware  and  software.  In  the 
aerospace  industry,  they  accounted  for  one-fifth  of  all 
jobs,  and  in  the  electronic  components  and  communi- 
cation equipment  segments  of  the  electrical  equipment 
industry,  they  held  12  percent  of  all  jobs  in  1992.  So 
engineers  working  in  these  industries  are  more  likely 
to  have  their  job  security  threatened  than  those  work- 
ing in  other  industries  (Engineering  Manpower 
Commission  1991a).  The  percentage  of  the  total  engi- 
neering workforce  involved  in  defenserelated  work, 
however,  is  much  lower  today  than  it  was  25  years  ago. 
The    number    of   engineers    employed    by  the 
Department  of  Defense  and  prime  and  subcontractors 
in  1990  was  only  slightly  higher  than  the  number 
employed  in  19(57  (at  the  height  of  the  Vietnam 
buildup).  In  contrast,  during  the  same  period  (1967- 
90),  the  total  number  of  engineers  increased  about  50 
percent  (R.  levers,  cited  in  Bell  1990,  p.  39). 

Engineering  is  one  of  the  fields  most  affected  by  the 
defense  drawdown.  According  to  bls  projections, 
120,000— or  more  than  two  out  of  five  engineering 
defense-related  jobs— have  been  or  will  be  lost  between 
1987  and  1997.  Most  of  the  losses  have  occurred  or  will 
occur  in  the  electrical/electronics,  aeronaufical/astro- 
nautical,  mechanical,  and  industrial  engineering  special- 
lies.  Another  hard-hit  group  will  be  diose  employed  in 
computer,  mathematical,  and  operations  research  spe- 
cialties, where  ti^e  total  number  of  jobs  is  expected  to 
decline  from  69,800  in  1987  to  54,500  in  1997.  Physical 
scientists  have  experienced  or  will  experience  fewer  job 
losses— a  total  of  6,700  during  the  10-year  period— but 
this  number  represents  one-fourth  the  total  number  of 
defense-related  jobs  that  existed  in  1987.  Technician 
employment  is  expected  to  decline  by  one-third  over  the 
10-year  period.  (See  figure  3-8.) 

R&D  employment  is  also  being  adversely  affected  by 
defense  budget  cutbacks.  The  number  of  federally  sup- 
ported m:  im')  sciendsts  and  engineers  working  for 
firms  classified  in  the  aircraft  and  missiles  industn'  (the 
largest  employer  of  federally  funded  \<&i)  personnel) 
declined  20  percent  between  1989  and  1991.  Employ- 
meiit  of  these  K.^i)  professionals  declined  6  percent  in  the 
electrical  equipment  industry^  (the  second  largest 
employer)  and  47  percent  in  the  machinery  indusUy  dur- 
ing tlie  same  2-year  period  (SRS  forthcoming  [b]). 
Eor  perspective,  it  is  important  to  emphasize  that 
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.i(iv(Mi  ihc  size  ol"  iho  r.>.  economy.  dcfcMiso  downsizin.tr 
is  "unlikely  lo  cause  a  shoit-run  iiiacroeccuioinic  calas- 
irophe"  (Brauer  and  Marlin  1992.  p.  148).  Fewer  ihan  1 
IHTCenl  of  all  I  >.  workers  will  be  alTecied  over  ihe  nexi 
f)  years  (Kosiak  and  Bilzin.trcr,  199:]).  Only  a  lew  i)oclv 
els  ol  lhe  economy,  i.e..  only  a  lew^  industries,  occupa- 
lions.  and  communities,  are  likely  to  suffer  measurable 
Injun'.  I-'or  example: 

♦  Some  companies  currently  i)r()(iucin.G:  inilitaiy  hai'd- 
warc  will  be  uiiwillin.i^  or  unable  to  convert  to  prod- 
ucts for  the  civilian  market.  Some  companies  liav(* 
already  chosen  to  downsize  rather  than  venture  into 
new  markets.  (See  Washington  Post  1992.) 

♦  Some  en^::ineers  who  have  si)ent  their  entire 
careers  in  the  defense  indusliy — those  who  have 
beconu^  hif,dily  s))(Tializ(^d— may  have  difllcidly 
finding  civilian  sector  jobs.  (Defense  workers  also 
lend  lo  be  older:  this,  despite  iheir  job  (experience, 
make--  them  k'ss  desirable  for  nnraininu  and 
employmenl  i)y  civilian  firms.  See  oiA  1992). 
rindintr  another  job  is  also  likely  lo  mean  reloca- 
tion, a  condition  some  unemployed  engineers 
have  i)een  unwilliuK^  to  accept  (Kngineerin.Lr 
Man])ower  Commission  1991a). 


♦  Some  retjions  of  ihe  countr\' — those  most  heavily 
dependent  on  the  defense  industiy — will  ex])eri- 
ence  at  least  a  shon-term  expansion  of  their  unem- 
l)l()ymenl  rolls.  The  stales  most  adversely  affected 
are  Washin.^'ton.  California.  .Xrizima.  Texas. 
Missouri,  and  almost  all  New  l^n.i^land  slates:  the 
DC-Maiyland-Vir.uinia  area  and  Lons  Island.  New 
York,  are  also  likely  to  suffer  the  consequences  of 
reduced  miliiaiy  bud^^ets.  I-'or  some  re.tjions.  such 
as  ihe  Los  An.t^eles  area,  the  defense  cutbacks  will 
continue  lo  exacerbate  an  already  severe  unem- 
l)loymenl  problem:  while  others  with  more  diver- 
sified economies  are  unlikely  lo  experience  as 
much  hardship  (Brauer  and  Manin  1992). 
The  expected  unemployment  of  scientists,  euj^i- 
neers.  and  technicians  brou.^hl  about  by  die  end  of 
Cold  War  hostililic^s  is  likely  to  be  mitiffalr   by  defense 
ronvemon — i.e..  federal  sui)port  slfifled  from  nnlitar\' 
lo  civilian  lechnoloijy  advancement  may  mean  that  the 
loss  in  defense  jobs  will  be  olfsel  by  the  creation  of  new 
opi)()rtunilies    in    <'meri^ini^    industries — and  by 
increased  demand  for  hi^dily  skilled  workers  lo  main- 
lain  inlernational  ccmipelitiveness  (Atkinson  1990), 
(See  chapter  4  for  a  discussion  of  various  defense  con- 
version projects  and  pro,c:rams.) 


SiKMidintj  Patterns.)  The  averaire  annual  rate  {)f  increase 
in  inilalion-adjusled  national  exi)enditures  was  1.9 
percent  between  19S.')  and  1989.  comi)ared  to  i)ercent 
between  1980  and  1985.  There  was  a  correspondin.i^  slow- 
down in  the  rale  of  increase  in  KM)  ^M-.  employmenl  dur- 
inc  this  i)erio(l.  with  the  avera.ue  annual  rate  dr()j)i)in.u' 
from  ~\',)  percent  during*  the  first  half  of  the  decade  lo 
IH'rcenl  between  198.')  and  1989. 

.\lthoUKh  H.VD  scientists  and  en.<^ineers  comi)rise  less 
than  1  i)ercenl  of  the  r.x  labor  force,  the  rate  of  .izrowth  in 
the  number  of  these  i)rofessionals  has  been  exceeclin.tj: 
that  lor  the  entire  i  .s.  labor  force.  As  a  result,  the  KM)  s^;:!-. 
proportion  of  the  f.s.  labor  force  has  been  increasin.tj: 
steadily  since  the  mi(l-1970s— from  ."^o  \<S:\)  scientists  and 
eni?ineers  per  10.000  labor  force  ])opulation  in  197(i  lo  7<) 
in  1989.  (See  figure  :>-17.) 

IndustiTS  employmenl  of  KcVcD  scientists  and  en.t^ineers 
dc^clined  in  the  early  1990s— from  7:'>0.()0()  in  januaiT 
1990  to  (i84.0()()  in  januaiy  1992  (>Ks  forlhcominti:  [bl). 
Defense  downsizing  appears  lo  be  causing  a  reduction  in 
the  number  of  industrial  scientists  and  en.uineers 
assiirned  to  ,tj:overnmenl  contracts.  (See  'The  Impact 
of  Defense  Downsizin.e^  on  IVchnical  Kmtiloymenl/") 

Nearly  half  the  doctoral  scientists  and  ent^ineers 
employed  by  industrial  firms,  and  over  a  third  of  those 
employed  by  academic  institutions,  were  primarily 
en.i^a.ucd  in  the  conduct  of  research  and  development  in 
1991.  (See  ai)i)endix  table  In  indusliy.  most  \m)  sci- 
^    lists  with  doctoral  dep:rees  work  in  applied  research; 


most  K\i)  enijineers  are  assi^nied  to  (level()|)ment 
activities.  In  academia.  most  doctoraledioldinK  scientists 
jirimarily  en.t^at^ed  in  K\:)  are  workin.tj  on  basic  research 
iirojecls:  most  en^nneei  s  are  involved  in  a|)plied  research. 
(Sec  fi.uure  !)-{>.) 

I.    y  Employment  by  U.S.  Companies  in 
Other  Countries 

Industrial  \<Sc\)  is  becomin.ix  increasin.trly  jU[lobalize(l. 
I  .s.  companies*  expenditures  on  K\l)  iKM'formed  outside 
the  rnited  States  rose  dramatically  durini^  the  198()s 
(see  chapter  4).  A  myriad  of  factors  is  responsible  for 
tlie  ui)suri(e  in  K.v;:!)  si)en(rm,tr  abroad.  Companies  are 
c()mi)elled  lo  conduct  more  K.v;:n  outside  the  Tniled 
Slates  to  compete  in  rapidly  expandint^  worldwide  mar- 
kets. To  obtain  or  expand  overseas  sales,  it  has  become 
increasin.t^ly  necessary  lo  tailor  products  to  meet  spe- 
cific needs  and  requirements  of  foi'eiKm  customers.  In 
addition,  i  com|)anies  have  been  acquirin^^  laborato- 
ries in  other  countries  at  a  record  i)ace — esi)ecially  in 
ja])an.  but  also  in  Kuroi)e.  other  .Asian  countries,  and 
Canada.  I-orei.t^n  workers'  (.H)mi)et(Mice.  technical  skills, 
and  affordability  are  some  of  the  factors  innuencin.tr 
the  decisions  to  build  and/or  acquire  existin^^  forei^):!! 
laboratories. 

In  1989  (the  mosl  recent  year  for  which  data  are  avail- 
able), total  K.v:i)  employment  tincludin.c:  scienfists.  en^i^i- 
neers.  manaj^ers.  and  other  professional  and  technical 

S8 


68  ♦ 


Chapter  3.  Science  and  Engineerinq  Workforce 


Figure  3-6. 
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employees)  by  l  .s.  companies  In  otlier  counlries  reached 
()50()()— 7.(3  percent  hi.uher  than  the  level  fepoiled  in 
(See  appendix  table  Most  of  these  \<S:\)  employ- 
— 71  percent  in  1989 — aie  locatc^d  in  Europe. 
(^(MMnany  and  the  United  Kini^doni  had  the  hi.uhest  num- 
bers of  I  >.  K.vcl)  employees — LMjiOO  and  2().(KK).  respec- 
tively. (See  ll^rure  3-7.) 

In  1982.  4.3  percent  of  employees  working  for  r.s  affili- 
ates in  (lermany  were  enffaged  in  \m),  the  hij^hest  propor- 
tion of  any  coimtiy;  Japan  ranked  second  at  3.8  percent.  But 
l  .s.  companies"  \<S:[)  employment  in  Japan  increased  more 
than  150  percent  between  1982  and  1989.  the  hi^rhest  rate  of 
t^rowth  reported  for  any  countn'.  Iluis.  by  1989.  the  pro- 
portion of  r.s.  Japanese  alTiliates*  total  employment  en^rap^ed 
in  K&!)  had  risen  to  5.9  percent,  the  highest  of  any  countiy.^ 
'riie  United  Kingdom  had  a  reduction  (13  percent)  in  \m) 
employment  by  r.s.  affdiates  between  1982  and  1989. 


C 


Data  ill  this  section  wiTe  aillectt'cl  by  the  Bureau  of  Ixonoiiiic 
.\nalysis  in  its  and  W\)  Hcnchinark  SniTcys  of  i  .s.  Direct 

Investment  Abroad.  Data  on  lu^-D  cmpUn-nient  arc  collected  only  in 
"benchniark"  sur\'ey  years:  and  are  the  two  most  recent  years 
for  which  data  are  available.  Kor  more  detailed  information  about  the 
methodologies  and  defmilions  used  in  conducting  these  surveys,  see 
MI  A  (1985  and  U)92). 

'.Vcordinj?  to  one  study,  the  primary  reason  i  .s.  companies  have  been 
estai)lishinK  laboratories  in  Japan  is  to  develop  |)roducts  s|)(  rifically  fur 
•the  Japanese  market  (SRS  1991). 


'Pie  leading  indusin^  in  ternis  of  employment 
abroad  in  1989  was  transp()rtation  equipment  (2().t(M) 
(Mnployees);  it  was  followed  by  the  chemicals  and  allied 
products  industn'  with  18.700  employees.  (See  figure 
3-()  and  appendix  table  3-(i.)  The  office  and  computing 
machines  segment  of  the  machinery  industiy  had  the 
largest  absolute  increase — .'x300  employees — in  \<s^\) 
employment  in  the  mid-  and  late  1980s  (84  percent  higher 
than  the  HS:\)  (Miiployment  level  reported  in  1982).  hi  the 
nonmanufacturing  sector,  k.^d  employment  in  the  finance 
and  services  industry  nearly  doubled  between  1982  and 
1989.  rising  from  3.600  to  almost  7.000  employees. 

Several  industries  had  reductions  between  1982  and 
1989  in  \<S:\)  employment  abi-oad  by  r.s.  affiliates.  The 
largest  decline — 5.700  employees — occurred  in  the  elec- 
trical equipment  industry. 

In  most  industries.  \<^\)  employment  grew  at  a  faster 
pace  than  overall  employment  by  r.s.  affiliates.  All  seg- 
ments of  the  chemicals  industry  and  the  office  and  com- 
l)uting  machines  segment  of  the  machineiy  industiy  had 
the  largest  increases  in  this  measure  of  k.^d  intensity. 

S&E  Labor  Market  Conditions 

A  few  years  ago.  reports  of  impending  s\K  personnel 
shortages  wcTe  common.  *  More  recently,  however,  the 
focus  has  been  on  possible  sui"pluses.  because  the  reces- 
sion, downsizing  of  the  defense  industry  (see  "'Hie  Impact 
of  Defense  Downsizing  on  Technical  Employment"),  and 
(to  a  lesser  extent)  immigrant  scientists  and  engineers 
from  the  former  Soviet  Vnion  and  Eastern  Bloc  countries 
are  all  currently  disiaipting  the  r.s.  s.vcK  labor  market. 

Predictions  of  shortages  or  suri)luses  of  s\K  personnel 
should  be  treated  with  caution.  At  any  point  in  time,  for 
any  field,  there  may  be  shortages  or  surpluses.  Putt  in  a 
free  market  economy,  these  shoilages  or  surpluses  are 
eventually  eliminated,  r.s.  labor  markets  are  fiexible — 
changes  in  supply  and  demand  trigger  fairly  ciuick 
responses  in  terms  of  both  degree  production  and  mobil- 
ity within  the  labor  force.  Moreover,  employers  can  be 
expected  to  deploy  a  number  of  strategies  to  avert  a 
prospective  labor  shortage." 


Kor  exami)le.  Atkinson  (19901  noted  that  "all  the  models  that  are 
used  to  project  supply  and  demand  for  scientists  and  r[».uineers. 
iilthou^h  differing  on  quantitative  details,  come  to  the  same  fundamen- 
tal conclusion:  that  unless  corrective  actions  are  taken  inimediately.  all 
sectors  of  society  will  bejjin  to  experience  short aizes  of  scientists  an<l 
engineers  in  the  next  4  to  years,  with  shoiiaires  birominir  sitrnillcaiu 
(lurinir  the  early  years  of  the  next  ceniuiy."  And.  in  1989.  (^7  jiercent  of 
the  nicmber  companies  resi)ondini(  to  an  Aerosiiace  Industries 
Association  sup/ey  reported  current  shortajres  of  scientists  and  eniri- 
neers:  S.'S  percent  anticipated  shortages  in  the  future  (Aerosi)ace 
Industries  Association  UW)). 

'For  exam|}le.  liiey  can  lower  hirinj^  standards  by  eliminatin.u 
advanced  dej^ree  requirements,  employing:  individuals  trained  in  relat- 
ed fields,  or  assij^ninp  more  responsibilities  to  technicians.  In  industiy 
in  jjarticular.  transferrin^^  individuals  from  one  specialty  to  another, 
revising  decree  requirements  for  |)ailicular  ptjsitions.  and  retaining  are 
routine.  Employers  can  also  increase  their  hiring?  of  immipranls.  or  they 
can  move  their  operations  r/fshore  to  countries  that  have  a  plentitul  suj)- 
ply  of  workers  witli  the  skills  they  need. 
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labor  n.arkeis  are  more  llcxiblo  in  some  ways  than 
ihose  lor  other  occupations.  Scientists  and  enj^ineers  are 
.q:enerally  highly  trained  and  welkxlucaled  in  analytically 
based  fields,  lliis  back.CTound  can  serve  them  well  in  a  wide 
airay  of  non-s."vl-:  occupations.  An  increasing  number  of  sci- 
iMitists  and  enj^ineers  in  fact  have  been  pursuing  careers  in 
business,  law,  and  other  professions — occupations  that 
iiave  a  ixrowinj?  need  for  their  expertise  (Holden  1991). 

xvcK  labor  markets  are  also  less  llexible  in  some  ways 
than  those  for  other  occupations  due  in  pail  to  the  lonj^ 
c»ducational  pipeline.  WHien  the  demand  (ors^v.  personnel 
exceeds  the  supply,  employers  usually  increase  salary 
levels  in  an  effort  to  attract  the  workers  they  need.  Rising 
salaries  tend  to  induce  more  students  to  study  in  llelds 
with  shortages,  thus  eventually  increasing  supply.  But 
because  of  the  time  it  takes  to  conipleie  a  formal  educa- 
tion, the  demand/supply  imbalance  may  persist  for  sev- 
eral years,  stretching  out  even  longer  if  the  unmet  need  is 
for  doctoral  scientists  and  engineers. 

S&E  Unemployment  and  Underemployment 

Although  scientists  and  engineers  are  less  likely  to  be 
unemployed  than  otlier  types  of  workers  (the  overall 
H)93  third  quarter  unemployment  rate  was  5.9  percent). 

unemployment  rates  have  been  increasing  for  the 
past  couple  of  years." — especially  among  engineers  (see 


In  the  inoM  r.'Cftu  .Ajuorican  c  luMuical  Snciciy  sviia'cv.  I/.)  piTccnl  of 
ilu'  rt'spoiuh-nis  rcporu-tl  iliai  ilu^y  wcrt*  wiihoiit  .iol)s  bul  socking? 
t'inployiunu.  llu-  liij^hest  uncniployincnl  rale  rcj^istcrcd  by  this  sutvcy 
<uw  uiirn  a  LM*-porccnl  iiiuMiiployiiuMU  rato  was  worded.  St'e 
nivnnan,  Kaw!s.  and  Zinvr  {W2). 


"Engineers:  Shifting  luuployment  Opportunities  and 
Trends")— and  are  higher  than  those  for  other  profes- 
sional s})ecialty  occupations,  including  physicians, 
lawyers,  and  teachers.  (See  appendix  table  3-11.)  The 
1993  (third  quarter)  unemployment  rate  for  all  engi- 
neers stood  at  3.8  percent:  for  all  natural  scientists,  it 
was  3.0  percent:  and  for  all  mathematical  and  computer 
scientists,  it  was  2.2  percent.  (See  figure  3-9.) 

hi  addition  to  unemployed  scientists  and  engineers, 
there  are  also  underemployed  "t^v.  professionals.  Although 
data  on  s^jcK  underemployment  are  scarce,  the  most 
recent  data  on  doctoral  underemployment  suggest  that 
few  Ph.D.  scientists  and  engineers— fewer  than  2  per- 
cent—are underemployed  (SKS  forthcoming  [a]).^ 

New  S&E  Entrants 

The  most  recent  information  on  entry-level  hiring 
indicates  thai  the  demand  for  college  graduates  fell 
sharply  during  the  U)90s.''  Organizations  that  track 
entry-level  hiring  of  college  graduates  all  report  a 
reduction  in  recruiting  by  employers  and  in  the  num- 
ber of  job  offers  made  to  new  bachelors  degree 


■'llie  dcfinilion  ol"  undrrt'inploynirni  used  here  refers  lo  dnelorale- 
holdinK  scieiUisls  and  en«:int'crs  whi)  are  either  (1)  holding  pan-lime 
positions  when  they  would  have  i)referred  working:  hdl  time,  or  (2) 
working  in  non-^^:l^  occupations  when  they  woidd  have  t)reterre(l  s\-l-: 
jobs. 

analyses  and  forecasts  i)re(iicl  that  the  number  of  college  Kr<^du- 
aies  working;  in  jobs  traditionally  not  re(iuirinK  a  l-year  college  degree 
will  increase  during  the  UJ^'Os  and  into  the  next  decade.  See  Shelley 
im2)  and  Heck<T  (HMLM. 


Figure  3-7. 

R&D  employment  by  foreign  affiliates  of  U.S.  companies 


Thousands  of  employees      Thousands  of  R&D  employees 

 T  25 


By  country 


n 


See  appendix  tables  3*5  and  3-6. 
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Engineers:  Shifting  Employment  Opportunities  and  Trends 


All  eslimatod  1.6  inillion  pc-ople  wore  employed  as 
engineers  in  the  I'nited  Siales  in  1992.  The  engineer- 
iiiK  workforce  contracted  during  the  late  1980s  and 
(^arly  1990s,  losing  nearly  50.000  members  between 
19(S7  and  1992.  (See  llgiire  :V8.)  At  the  same  time,  the 
unemployment  rate  for  engineers  doubled,  increasing 
from  the  traditional  level  of  around  2  percent  to  :^.8 
j)ercent  in  the  third  quarter  of  1993.  (See  appendix 
table  :-5-ll.)  The  unemployment  rate  for  engineers  is 
now  higher  than  it  was  during  the  "aerospace  reces- 
sion'* of  the  early  1970s  and  is  also  higher  than  the  2.8- 
percent  unemployment  rate  for  all  professional 
specialty  occupations  combined.  In  a^iition.  recent 


Figure  3-8, 

Number  of  employed  wage  and  salary  workers  who 
usually  work  full  time 
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engineerin.£T  j^raduates  are  having  more  difficulty  than 
their  1980s  predecessors  in  landin^^  iheir  first  jobs.* 
But  despite  the  weaker  employment  conditions  faced 
by  new  en^:ineering  graduates,  hardly  any  are  forced 
to  join  the  ranks  of  the  unemployed,  and  compared  to 
^.jraduates  who  majored  in  other  disciplines,  they  are 
better  off  in  terms  of  the  number  of  employment 
offers  and  in  the  salaries  they  receive. 

All  of  these  observations — the  shrinking  workforce, 
the  rising  unemployment  rate,  and  the  falloff  in 
employer  recruiting — indicate  that  the  engineering 
profession  is  currently  feeling  the  pinch  of  the  reces- 
sion, cutbacks  in  defense  spending,  and  industry 
downsizing.  These  numbers,  plus  the  sluggish  growth 
in  salaries  relative  to  other  professional  occupations, 
could  discourage  students  from  seeking  engineering 
careers.**  Engineering  training,  however,  can  be  a 
useful  entree  into  nonengineering  jobs.  In  addition  to 
engineers'  key  role  in  innovation  and  the  design,  pro- 
duction, and  markenng  of  new/improved  goods  and 
services,  engineering  training  has  been  found  to  be  a 
good  prerequisite  for  management,  law,  and  even 
medicine.  It  is  much  easier  to  teach  marketing  and 
management  skills  to  an  engineer  than  it  is  to  teach 
engineering  to  business  graduates  (Engineering 
Manpower  Commission  1991b).  The  United  States  is 
following  a  pattern  established  in  Japan.  That  is,  indi- 
viduals with  engineering  backgrounds  are  entering 
management  and  finance  in  greater  numbers  than  in 
the  past  (Engineering  Manpower  Commission  1990). 


See  appendix  table  3-7        Science  &  Engineering  Indicators  ~  1993 


M:ven  the  lop  (Miuirs.'crinK  schools  rriJoned  sip:nificaiu  reductions 
in  iht*  number  nt  job  otltM's  received  by  their  students.  Kor  example. 
Stanford  rniversity  graduates  were  used  to  receiving:  live  to  seven 
job  ol'fers  each:  that  number  is  now  down  to  one  or  two  {Wall  Street 
Jounwl  1993).  Also,  many  university  placement  directors  are  report- 
iiiK  that  more  en^rineerlnj?  bachelors  dej^ree  p:raduales  were  plan- 
ning to  attend  graduate  school.  Bui  many  of  these  recent  p:raduatcs 
were  not  continuinj?  their  education  in  en^jineerinj]:.  For  example,  at 
the  Massachusetts  Institute  of  Technolojjy,  the  number  of  enp:ineer- 
inK  graduates  applyinj?  to  medical  school  rose  nearly  40  percent 
between  1991  and  1992.  See  Engineering?  Manpower  Commission 
(1992b), 

**A  small  decline  in  students  seeking  engineering  careers  did 
occur  during  the  1970-72  "aerospace  recession."  See  Kngineering 
Manpower  Commission  (1991c). 
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i\'ci|)icMits.    Although  all  ivcrnt  colU'jxt*  .uradiiaU'S  have 
hcvn  allccU'd  by  the  dccivasc  in  ivmihiiiix  activity. 
i^radiiaU's  aiv  larinj^  brttiM*  than  ihosc*  who  iiiajoivd  in 
oiluM"  disciplines  (College  Placement  Council  1991). 

In-Field  Employment 

The  i)(TC(MnaKe  t)t"  scientists  and  eni^ineers  who  remain 
in  NVl.  occupalions  (as  opposed  to  die  number  who  leave 
^cienc(»  and  enirineerinjx  to  pursue  careers  in  other 
tlelds).  yields  iniporlant  information  aboui  the  career 
l)aths  of  individuals  trained  in  nv;i-;  fields  and  die  supply 
and  demand  lor  iheir  sen'ices.  Data  on  SM-;  employment 
of  recent  college  i^raduates  show  the  pt^oportion  of  recent 
^.v;k  bachelors  de.uree  candidates  working?  in  sa-K  related 
jobs  within  2  years  following  .t^raduation  increasing'  from 
T)?;  percent  in  U)8()  to  5S  percent  in  U)9()  (sKS  U)82  and 
I991!a).  This  trend  is  one  of  several  indicators  that  a  lot  ol 
iol)  creation  occurred  during  the  U)S()s. 
-.vi.  employment  rates  \aiy  widely  by  field.  Recent 
il9SS  [uul  19S9)  graduates  with  bachelors  de.ure(*s  in  the 
social  sciences  and  psycholoirx*  had  relatively  low 
employiiKMit  rates— 2()  percent  and  27  percent.  resi)ec- 
tivflv — in  \\m).  in  contrast,  recent  .i^raduales  who  majored 
in  the  computer,  environmental,  or  physical  sciences  had 
much  higher  rates  of  s^l-.  employment — Sf)  i)ercent,  77 
percent,  and  (iS  percent.  ri*spectiv(^ly.  'Hiese  rates  are 
c()mi)aral)le  to  those  for  the  enKineerin.tr  specialties.  In 
1990.  s^l-;  emi)loyment  rates  exceeded  80  percent  in  all  but 
one  of  the  en.dneerin.u  disciplines. 

hvfield  employment  rates— i.e..  the  proi)orti()n  of  .t^rad- 
uates  emi)loyed  in  the  fields  in  which  they  K'ot  their 
(It-trp^.^.s— are  much  lower  than  employment  rates. 
(See  text  table  M-l.)  Not  surprisingly,  masters  de.t^ree 
recipients  are  lar  more  likely  than  tlu)se  with  only  t)ache- 
lors  deirrees  to  be  employed  in  the  fields  in  which  they 
.trot  their  education.  About  bO  i)ercen(  of  all  recent  (1988 
and  1989)  masters  de.tjree  recipients— comi)ared  to  inS 
percen.  of  all  recent  bachelors  de.i^ree  recipients— were 
employed  in  their  major  fields  of  study  in  1990. 

CoiIeKe  j^raduates  who  do  not  seek  immediate  employ- 
ment usually  enter  jxraduate  school.  Approximately  20 
jKM-cent  of  198cS  and  1989  SM-.  bachelors  dejxree  recipients 


were  atteiidin^^  .graduate  school 


time  in  1990.  down 


RIC 


'Ilic  {lowiuiini  in  c(»n)(>ralo  rctM-iiiliiij:  on  coWv^v  campuses  lias  hvvn 
Hacked  aiul  cloiunu-nlctl  l)y  I\ntrick  Slu'ciz  in  MicliikMn  Slate  I'nivcisiiy  s 
Recruiting  Trnuls  series.  l)y  \'iclor  [.indqiiisi  in  Nortlnvrsleni  L'nivtM-siiy  s 
Liudquist  Endicott  Report,  by  llie  Colle.uc  i^laceini'nl  Council,  aiui  by 
\  n\vrii-  Liw  who  niainlains  Ihc  Jol)  ( )i)poiluniiy  l^aroniclcr  tor  Graduating 
Hnpnen:  Colk-.i^o  Placrnicnl  Council  daia  show  ihc  number  of  con)oraie 
recnnicrs  viMiini^  each  colltw  campus  droppin.u  lioin  an  avera.^i'  n\  U  in 
Wm')  to  Z\  in  VM\.  'Ilie  Job  Opportunity  Barometer  [Hiblished  m  March 
allowed  cntrineerimr  recmiliniMU  down  1^1^  percent  from  March  19^)1 
lo  March  \WZ  Hk-  .AniericaM  Chemical  Society  in  iw  W.)  i-mployment 
.mllook  repoils  lhal  "ihe  job  oiiilook  Idr  newly  Kraduaied  chemisls  and 
clieniical  enuineers  remains  jjloomy.*'  {According  l(»  the  American 
Clu-mical  Society,  how^'ver.  there  is  one  "biiKiil  spoC— <lemand  for  chem- 
ical prolessionais  by  dm^  and  consumer  product  companies  remains 
slronii.)  .Anccdoial  ii'ifomuuion  has  also  appeared  Ireciuenlly  in  the  science 
press.  For  example,  ilu*  June  iS.  liio2.  issue  ol  the  Scientist  contains  a  report 
1)11  ihe  dropoll  in  job  oilers  al  Callech  for  sludenls  who  speciali/ed  in  aero- 
^  rDauiics.  coni|)uier  science,  physics,  and  mechanical  enjrineeriiiK. 


from  2')  percent  10  years  earlier  (another  indicator  of 
healthy  s\i-;  job  creation  duriii.u  the  1980s).  IiiterestiniTly. 
over  one-third  of  the  1988  and  1989  s.*vi-:  bachelors  de.i^rc^e 
recipients  attendinj^  .graduate  school  full  time  in  1990 
were  pursuinj^^  professional  det^rees  in  medicine,  deii- 
tisti'y.  law.  or  business.'"' 

Attachment  Rates 

Little  information  is  available  on  attachment  rates  oi 
r  s.  scientists  and  enj^ineers.  Rou^h  estimates  show  that 
in  the  mid-1980s,  fewer  tl  jan  half  of  those  with  de^^rees  (at 
all  levels)  in  enf^ineerinK^  and  fewer  than  one-quarier  ol 
those  with  decrees  in  the  natural  sciences  were 
employed  in  s^:K  occupations  (Citro  and  Kalton  1989.  p. 
50).  The  rate  was  below  10  percent  for  social  science 
majors.  For  those  with  masters  or  liiKber  decrees  in 
either  the  natural  or  social  scienc(*s.  ^\'i-:  employment 
rates  were  considerably  higher — over  one-third  and  near- 
ly one-quarter,  respectively.  Clliere  is  relatively  little  dif- 
ference in  the  s^^-l-  employment  rates  of  en^^ineers  with 


:*rni)ublishcd  tabulations  Irom  nsi  s  \\m  SuiYcy  ol  Natural  and 
Social  Science  and  Kn^rineerin.^  (iraduales  show  tliat  one-third  ol  die 
HlHiS  and  VJ^\)  bachelors  dej^pee  recipient^  vslio  majored  in  the  jihysical 
or  life  sciences  and  were  in  .graduate  school  lull  lime  in  Uli)0  were  in 
medical  school:  4r>  percent  ol  the  graduate  students  who  majored  in  the 
social  sciences  were  ii^  law  school. 


Figure  3-9. 

Science  and  engineering  unemployment  rates, 
by  occupation 

Percent 


All  occupalions \ 


i 


1987     1988     1989    1990     1991     1992    1993  1993 

(1st  {3rd 
quarter)  quarter) 
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Text  table  3-1. 

S&E  and  in-field  employment  rates  of  1988  and  1989  S&E  graduates,  by  degree  field:  1990 


S&E  occupation  Employed  \n  field 

Degree  field  Bachelors  Masters         Bachelors  Masters 


Percent 


Total  science  and  engineering  

  57.6 

82.2 

37.8 

59.0 

Sciences  

47.6 

77  1 

33  2 

59.6 

Physical  sciences  

  67.9 

86.3 

35.6 

43.4 

  66.2 

83.3 

39.6 

57.4 

  85.3 

89.2 

oi  .5 

77.2 

  76.6 

92.5 

56.1 

69.4 

Life  sciences  

  54.3 

76.1 

38.4 

59.0 

  27.2 

57.8 

9.9 

48.1 

  26.0 

55.2 

14  1 

4j.5 

  86.1 

92.0 

50.7 

57  8 

  77.6 

85.7 

48.9 

....  88.5 

100.0 

49.6 

Civil  

89.4 

95.2 

71.1 

69.1 

Electrical/electronic.   

.      .  88.1 

94  3 

53  3 

57.7 

Industrial  ... 

.  .      .  80.0 

72.7 

42.2 

26  5 

Materials  .   

  84.6 

100.0 

  88.7 

94.1 

44  3 

60.4 

  100.0 

100.0 

NOTES.  •  =  no  rale  was  computed  (or  groups  wiih  fewer  than  1 .500  individuals  in  tabor  (orce  S&E  -  science  and  engin^erinq 

SOURCE.  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recerit  Sciarice  arid  Erigineenng  Graduates-  1990 

(Washington.  DC"  NSFl 
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oachclurs  or  niaslcrs  dc.mws.)  Al  the  docloral  lcv(^l.  SiV;i: 
tMuployim-nt  rates  reach  and  exceed  90  iHTCCMit;  only 
those  witli  doctorates  in  die  social  sciences  have  Si^i-: 
eniploynienl  rales  (li|)pinu  niuch.  below  \){)  percent.  (S(»e 
K^xl  table  :^L^) 

S&E  Salaries 

I'^xaminin.u  trends  in  salaries  i)aicl  lo  workers  is  an  inii)or- 
taiit  way  of  assessin.tr  ihc^  demand  for  labor,  becaase  risintj  rel- 


ative waRt^s  usually  indicate  a  scarcity  of  available  workers.'-' 
In  ,i,uMieral.  scientists  and  en.t^ineers  earn  considerably 
more  than  most  workei*s.  and  en.irineers  earn  nior(^  than  sci- 
entists. In  fact»  en.tdne(Min^  comix*nsalion  is  better  than  in 
most  professions:  Only  lawy(M"s.  physicians,  and  pharmacists 
make  more  thiuien.trincrrs.  tS<.va|)iXMuiixtabl(\n:^.  fiKn-tre/rU). 

\  uood  r\aiii|)l('  (»I  itlis  iKxuncd  in  ilic  V^^^u  uiu  ii  ilic  I  iiiicd 
^\\\W<  lliM  hruail  to  r\|H'ii»  iK»*  ;in  ;u  uir  ^li»»iMiiu'c  o|  iuiim  s.  Ximscx' 
salaries  liavr  hern  iiu  rcasinu  lazier  than  tliosr  lur  alMH)st  all  oIIut  prn- 
k'ssioiial  (iccupali()ii>. 


Text  table  3-2 

Employment  of  scientists,  engineers,  and  technicians:  1990  and  projected  for  2005 


Total  employment  ^  Change 

1990  ^                             2005  1990-2005 

Occupation                                                                      Low"      Moderate        High  Low  Moderate  High 

"   -Thousands       -~  -     -  ■    -  Percent 

Total,  all  occupations                                         122.573        136.806        147.191        154.543  11  6  20.1  26.1 

All  scientists,  engineers,  and  technicians                 5.650          6.177          7.606          8.964  9.3  34.6  58.7 

Engineering,  math.  &  natural  science  managers ..  .         315             337            423            505  6.8  34.2  60.0 

Engineers                                                           1.519           1.489           1.919          2.332  (2.0)  26.3  53.5 

Life  scientists                                                              174              194              230             264  12.0  32.3  52.4 

Computer,  math.  &  operations  research  analysts  .  .         571             835            987          1.127  46.2  72.8  97.3 

Physical  scientists                                                 200             187            241            294  (6.4)  20.5  47.6 

Social  scientists                                                     224             296             320            342  32.3  42.8  52.6 

Eng./science  technicians  &  computer  programmers        2.647  2.839  3.486  4.099  1.2  31.7  54.9 

NOTE.  Assumptions  concerning  the  impact  of  defense  downsizing  on  employment  were  included  in  the  three  scenanos. 

SOURCE:  Bureau  of  Labor  Statistics.  Monthiy  Labor  Review.  November  1991  and  February  1992  (Washington.  DC).       ^^^^^^^  ^  Engineering  Indicators  -  1993 
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Engineering  Salaries 


Since  H)cS7.  ciiuiniHTinK  salaries  have  barely  kepi 
pace  with  iiillalion.  an  iiulicalion  that  allhout^h  there 
are  or  may  have  bcm  some  shorlajjjes  in  soiii^  en^i- 
neerinix  (liscii)lines.  ihey  were  not  severe  enough  lo 
cause  a  constant-dollar  increase  in  the  price  ol"  en^i- 
neerinjjj  seivices.  •'The  slujjfj^ish  .i^rowth  in  salaries  (can 
be  I  attributed  to  a  lar^^e  pool  of  available  en.izineerin.u: 
talent,  defense  budjjfct  cuts,  and  downsizing  in  indus- 
tiy.  which  increased  the  number  of  cn^?ineers  in  the  job 
market"  (F.nKdncerin^^  Manpower  Commission  1992a). 

Accor(lin.ix  to  nLs  data,  the  median  annual  salaiy  for 
all  en^?ineers  was  $44,820  in  1992.  Two  other  orp:aniza- 
tions.  the  En.uiineerink^  Workforce  Commission  and  the 
National  Society  of  Professional  Engineers,  i)e^  the 
1992  median  at  >rV2. 150  and  $58,240.  respectively. 

Approximately  \.:\  million  enjjfineers  work  for  indus- 
trial firms.  According  lo  data  from  the  Kn^nneerini^ 
Workforce  Commission,  the  median  annual  salair  ot  all 
engineers  workin.t^  in  indusliy  was  S54.9(K).  (See  ap- 
pendix table  ii-cS.)  These  data  also  reveal  the  following?. 

♦  Fay  is  somewhat  hii^her  in  nonmanufacturinR 
than  manufacturing  industries— S56.150  versus 
S53.85(). 

♦  Kn^nneers  workinj^  in  the  petroleum  refining  indus- 
tr\'  have  the  highest  median  animal  salary  among 
manufacturing  industries;  it  was  $72,500  in  1992. 
lliose  working  in  the  chemicals,  dnigs,  and  plastics 
industr\'  reported  ihe  scH'ond  highest  median  annu- 
al salar\'— S05,400.  Among  all  manufacturing  indus- 
tries, enginv  jring  salaiies  in  these  two  industries 
exhibited  about  th(^  largest  percentage*  increases— 
27  to  28  ixM'cenl— between  1987  and  1992. 


iuul  "Mn.unna'ring  Saliuic^s.'*) 

liesides  being  lower  than  the  salaries  of  doctors  and 
law\'(M-s.  scientists'  and  engineers'  salaries  have  been 
increasing  at  a  slower  i)ace.  lietween  1987  and  1992.  the 
median  salaries  of  natural  scientists  and  engineers  increased 
about  20  percent.  Salaries*  for  mathematical  and  com|)uler 
scicMilists  ir.creased  somewhat  faster  (28  perciMU).  lliese 
gains,  however,  did  not  match  those  for  other  occupations 
that  reciuire  training  beyond  undergraduate  school. 
Physicians"  median  annual  salaries  rose  44  percent  and 
lawyers'  increast^d  :>:>  percent  during  the  same  lime  peiiod.' ' 

Beginning  Salary  Offers 

Despite  the  light  labor  market,  most  recent  sM-:  gradu- 
ates continue  to  command  increasingly  higher  starting 


♦  Among  ryonmanulacturing  industries,  research 
and  development  organizations  paid  engineers  ihe 
highest  median  annual  salaiy — 863.500 — in  1992. 

♦  The  median  annual  salary  received  by  engineers 
(both  supei-visors  and  nonsui)ervis()rs)  at  the  bach- 
elors degree  level  rose  19  percent — from  $44,150 
to  $52.550— between  1987  and  1992.  (vSee  appendix 
table  3-9.)  Engineers  at  the  masters  degree  level 
saw  their  median  annual  salary  increase  only  14 
percent— from  $51,950  to  $59,350.  Doctoral 
salaries  rose  18  percent— from  $59,700  to  $70,600. 
(Only  about  4  percent  of  the  engineers  working  in 
indusliy  have  doctoral  degrees.  See  Engineering 
Manpower  Commission  1992a.) 

♦  In  1992,  nonsupen/isoiy  engineers  with  masters 
degrees  made  an  average  of  about  $(),()00  more 
l)er  year  than  engineers  at  the  bachelors  degree 
levei.  The  Ph.D.  premium— the  salary  differential 
between  those  engineers  holding  doctorates  and 
those  with  n^asters  degrees — was  about  $10,000. 

♦  Engineers  with  supervisory  responsibilities  make 
an  average  of  about  $20,000  more  per  year  than 
diose  without  supervisory  responsibilities, 

♦  The  starting  pay  of  recent  engineering  graduates 
has  been  increasing  at  a  faster  pace  than  the  medi- 
an salarv'  paid  to  (experienced  workers.  'Iliis  "com- 
pression" or  narrowing  of  the  range  of  compensa- 
tion between  younger  and  older  engineers  indicates 
that  \hc  relative  value  of  experience  in  the  work- 
place has  been  declining  (F.ngineering  Manpower 
Commission  1992a). 


r\v(»  olhcr  f'.rui){Ui(nis— j)^ych()l<).^^\■  niui  n'^i^itMcd  luirsiim— also 
i.  ilisimu;  hirirc  C\:  Ut      iK-ra-nn  iiu'dian  annual  salar>'  inLMvaM'> 
O    .)t'l\vv(Mi  WS7  and  W^. 


salaries  than  they  did  a  few  years  earlier.  'Hie  rate  of 
increase,  however,  ai)pears  to  have  slackened  after  1990. 

Among  all  bachelors  degree  candidates,  chemical  and 
I)etroleum  engineering  majors  received  the  highest  starl- 
ing salaiy  oflV  's.  averaging  $39,500  and  $38,400.  respec- 
tively, in  1993.  (See  appendix  table  :m:>.)  Average  starting 
salar\'  offers  in  these  two  fields  also  exhibited  large  aver- 
age annual  percentage  increases — 5.0  and  3.7  percent, 
respectively,  between  1988  and  1993.  These  gains  were 
highiM*  than  those  r(\gistered  by  any  other  field— except 
nursing,  which  had  a  5.(>i)ercent  average  annual  increase 
during  ihe  same  period. 

Recent  engineering,  computer  science,  physics,  mathe- 
malics.  and  chemistiy  bachelors  degree  recipients 
receive  higher  sahuy  offers  than  graduates  in  almost 
eveiy  other  field,  hi  1993.  stalling  salary  offers  exceeded 
S3().000  in  all  eiigineering  disciplines  (except  civil  engi- 
neering) and  in  computer  science.  (Nursing  was  the  only 
other  major  with  a  starting  salary  above  $30,000.) 
Chemistiy.  physics,  and  mathematics  were  close  behind 


ERIC 


1C4 


74  ♦ 


Chapter  3.  Science  and  Enqineenng  Workforce 


Figure  3-10. 

Median  annual  salaries  of  full-time  workers 
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with  avrni.^c  startiiii^  salaiy  olTcrs  o\  S2cS.()()(), 
and  S^lJG.fiOO,  rcspcciivi^ly.  The  bc.Lrinniii^^  salaiy  offers 
received  l)y  reeenl  underj^raduate  de^^ree  reeipienls  wiio 
majored  in  the  bioiouicai  sei(»nces.  j)syeii()lotry,  mid  soci- 
ology were  considerably  1ow<m*,  In  199.'1  the  fi^^ures  for 
these  majors  were  bi-lween  and  S23.()()(). 

In  .general,  llu*  rate  of  increas(»  in  starlin.t^  salaiy  offers 
slowed  after  VM).  I'or  example,  between  1990  and  199!^ 
be^inninu  salaiy  offers  in  aerospace/aeronautical  engi- 
neering increased  at  an  average  annual  rate  of  per- 
cent, far  below  the  4.1-peiTent  rate  r(»j^istored  be^veen 
1988  and  1990.  Similarly,  the  average  annual  rate  of 
increase  for  civil  enjzineerinK  majors  fell  from  4.8  percent 
between  1988  and  1990  to  I'A  i)erc(MU  between  1990  and 
19915.  In  addition,  students  who  majored  in  the  biolopjical 
scienc(\s.  mathematics,  physics,  and  psycholo^  received 
on  average  lower  salaiy  offers  in  1993  than  their  counter- 
parts received  in  1990, 

Forecasting  the  S&E  Job  Market 

l'\)recastin.t(  supply  and  demand  for  scientists  and  engi- 
neers is  an  extremely  difficult  (see  Vetter  1992a  and  1993 
and  Fechter  1990).  and  rarely  acctirate  (see  Leslie  and 
Oaxaca  1990),  undertakin.^.  For  example,  how  could  any- 
one have  predicted  the  end  of  the  Cold  War  and  its  after- 
math? .'Mthough  the  f^nd  of  the  Cold  War  has  not  caused 
major  disruption  in  r.s.  labor  markets  for  scientists  and 


I'li.t^ineers.  s{>nie  turmoil  is  bein^  .L^eneral(*(l  by  newly  job- 
less en^xineers  (many  of  whom  hnvc»  s|)ent  their  entire 
careers  in  the  f.s,  defense  industiy)  and  by  scientists  exit- 
inji  the  former  Soviet  Union. 

!!l.s  analysts  have  conducted  several  studies  <)!  the 
future  job  market  for  scientists,  en.uiiieers,  and  techni- 
cians. Findings  from  these  studies  yielded  the  lollowin^J: 
conclusions: 

♦  Kmpk)yin(Mit  in  technical  occui)alions  will  j^u'ow  at  a 
faster  pace  than  overall  emi)l()yment. 

♦  Kmployment  in  U'clinoloKy-intensive  indusliies  will 
j^'ow  at  about  the  same  rate  as  employment  in  general, 

♦  Surpluses  are  more  likely  to  be  observed  in  the  s\i-. 
job  market  than  shorta^^es,  but  the  latter  (especially 
in  S])ecific  fields)  cannot  be  mled  out. 

Ivvery  2  years,  i.  analysts  prepare  (Muployment  j)ro- 
jections  by  occui)atioi.  and  by  industiy  for  the  entire  econ- 
omy. The  most  recent  forecast  was  |)repared  in  1991  and 
covered  the  i)erio(l  1990-200r),  Data  derived  for  technical 
occui)ations  are  presented  in  text  table  ?r2.  They  show 
wide  variations  in  em])loyment  .t^rowth  under  the  three 
alternative  scenarios — which  prescribe  hi^h,  moderate, 
or  low  ^n'owth  for  the  (^conomy — lii.s  uses  for  projcrtin^ 
future  em])l()yment.  (Assumptions  concerning  tlu^  impact 
of  defense  downsizing  on  employment  were  included  in 
these  scenarios.)  For  all  technical  occupations,  .i^rowth 
over  the  199()-2()()r)  ])eri()d  is  i)roj(^cte(l  to  ranK<*  iVom  9 
])ercent  (usin^  the  low-^j^rowth  scenario)  to  59  percent  (in 
a  high-growth  economy).  The  moderate-growth  altti'iia- 
tive  yields  a  i-iS-perccMit  incix^ase,  a  much  higher  gain  than 
the  20-percent  increase  in  employment  projected  for  tlu^ 
economy  as  a  whole  (Silvestri  and  Lukasiewicz  1991), 

Among  individual  scientific  and  technical  occupations. 
j)rojections  for  engiiu^ering  (employment  show  the  widest 
variation:  Irom  a  2-i)ercent  decline  (using  low-jrrowth 
assumi)ti()ns)  to  a  54-percent  increase  (under  the  high- 
growth  scenario).  Fngineering  employment  is  more  sen- 
sitive to  changes  in  the  economy  and  the  defense  budget 
than  employment  in  the  other  technical  occu])ations. 
Under  each  of  the  three  alternatives,  com])uter.  mathe- 
matical, and  operations  research  analysts  are  expected  to 
have  the  highest  growth  rates,  ranging  from  a  4(>-  to  a  97- 
|)ercent  increase.  Employment  of  social  scientists  shows 
the  least  variation  in  growth — up  or  down  7  percent — 
depending  on  the  state  of  the  economy. 

As  part  of  this  ongoing  effort,  the  National  Science 
Foundation  (NSK)  s])onsored  a  special  i^.s  study  of 
employment  growth  in  approximately  50  iiiuuslries  that 
employ  the  highest  concentrations  of  technical  personnel 
and  all  levels  of  governmeni  'Hraddock  1992),"  Once 
again,  projections  were  based  (jii  three  alternative  scenar- 


"Hnuiclock's  (Icfinition  of  hitrh-toch  iiulustrics  differs  troni  iIk' 
Orj^'anisalioii  for  Econoinic  Co-opt^raiion  m\d  DrvolopmorU  (idlaiiion 
usfd  ill  chapter  (S. 
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Text  table  3-3. 

Unemployment,  underemployment  and  S&E 
employment  rates  of  doctoral  scientists  and 
engineers,  by  degree  field:  1991 

Un-  Under-  Employment 

Degree  field  employment  employment    in  S&E 

 Percent  -      .  - 

Total  science  and 


1  A 

1  7 

89.7 

1  5 

1.8 

89.0 

2.0 

1.0 

91.9 

Mathpmattc*? 

0.3 

0.8 

92.4 

Computer  sciences .  . 

1.4 

0.3 

95.3 

Environmental 

sciences  

1.1 

1.9 

94.1 

Life  sciences  

1.7 

1.6 

92.6 

Psychology  

1  2 

1.0 

90.3 

Social  sciences  .... 

1.4 

3.5 

75.7 

Engineering  

1.1 

09 

93.4 

Aeronautical/ 

astronautical  

1.6 

1.2 

96.2 

Chemical  

1.0 

0.9 

93.2 

Civil  

0.5 

0.3 

94.8 

Electrical/electronic .  . 

1.7 

1.1 

95.2 

fv^aterials  

0.9 

0.4 

93.2 

fv^echanical  

1.1 

1.1 

92.7 

Nuclear  

1.2 

1.3 

92.4 

Systems  design  .... 

0.8 

1.2 

88.2 

Other  engineenng.  .  . 

0.8 

1.0 

91.1 

NOTES.  Underemployeo  :joctora!  scientists  and  engineers  are  those 
who  reported  that  they  were  either  (1)  holding  part-time  positions  when 
they  would  have  preferred  working  lull  time,  or  (2)  working  in  non-SSE 
occupations  when  they  would  have  preferred  S&E  lObs. 

S&E  =  science  and  engineering. 

SOURCE.  Science  Resources  Studies  Division.  National  Science 
Foundation.  Charactcnslics  of  Doctoral  Sctentists  and  Engineers:  1991 
^Washington.  DC  No.  .  forthcoming). 
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ios.  In  addition  to  the  economic  and  other  assumptions 
used  in  the  original  BUS  niodeK  additional  variables  that 
affect  employment  in  hi^h-tech  industries— e.^^,  the 
propensity  for  the  Nation  to  spend  money  on  H«S:0  and  the* 
export  of  products  with  a  high  technolo.gy  content— were 
incorporated  in  this  model. 

'Hie  results  of  the  analysis  show  employment  in  technol- 
ogy-intensive industries  increasing  about  20  percent  (in  the 
mid-range  scenario)  between  1990  and  2005:  lliis  is  about 
the  same  as  the  etnployment  growth  rate  forecast  for  the 
economy  as  a  whole.  Tliis  Gliding  is  counter  to  projections 
made  a  few  years  earlier  (HLs  1990)  that  showed  employ- 
ment in  high-tech  industries  increasing  at  a  faster  pace  than 
overall  I'.s.  employment.  Tlie  change  is  largely  attributable 
to  the  turnaround  in  defense  spending  that  occurred  in  the 
late  1980s.  Tlie  curtailment  of  military-related  expenditures 
is  lowering  the  rate  of  emplviyment  growth  in  technology- 
intensive  industries,  bringing  the  rate  of  increase  down  to 
^  the  level  expected  for  all  U.S.  employment. 

ERIC 


These  two  ui  s  studies  prescMit  an  interesting  anomaly: 
.'Mlhough  employmeiu  in  technical  occupations  is  exp(Tl- 
<•(!  U)  increase*  faster  than  overall  employnnMii.  employ- 
ment in  teehn()log>'-iiilensive  industries  is  not  expected  to 
increase  any  faster  than  employment  in  nonlechnology- 
intensive  ituluslries.  One  (explanation  is  that  in  the  less 
technology-intensive  industries — t\g.,  those  in  the  ser\'ice 
scrtor — the  proportion  of  the  workforce*  comprised  of  sci- 
entists and  engineers  is  increasing  faster  than  employnuMit 
in  general. 

The  nLs  analysis  of  the  job  market  for  technical  workei's 
was  carried  another  step  farther  iti  an  attempt  to  deter- 
mine wh(Hher  the  supply  of  new  s\k  graduates  would  b(» 
sufficient  to  fill  the  new  jobs  ci'eated  in  the  near  future 
(1990-2005)  and  (o  replace  workers  who  retire  or  lcav(»  s\  i. 
jobs.  Once  again,  three  estimates  of  the  supply  of  new  s<v;:i. 
graduates  were  preparc^d:  they  were  calculated  using 
(high,  moderate,  and  low)  percentages  of  the  college-age 
population  expected  to  earn  bachelors  degrees  in  scieiuH' 
and  (Migineering.^ ' 

Next,  the  numbiT  of  new  s<vcr.  g!*aduates  derivc^d  uikUm* 
i»ach  of  the  three  supply  scenarios  was  compari»d  with,  the 
number  of  job  openings  derived  from  each  of  the  thnn* 
employnuMit  growth  scenarios  for  all  technical  occupa^ 
tions.  Matching  the  three  supply  with  the  three  demand 
estimates  yielded  nine  possible  depictions  of  the  future  job 
market  for  technical  workers.  Ivach  of  these  nine  alterna- 
tives was  then  compar(»d  with  a  benchmark  determined  b\' 
uus  staff  to  bi*  the  ratio  of  technical  degrees  awarded  annti- 
ally  to  the  number  of  technical  job  openings  during  a  (mv 
(1984-90)  when  the  supi)ly  of  n(»w  ^.v;i-  graduatc^s  was 
thought  to  be  c»qual  to  the  demand  for  them.  In  the  late 
1980s,  the  ratio  of  technical  degrees  awarded  annually  to 
the  number  of  technical  job  opiMiings  was  about  l.t).  That 
is.  of  evei7  graduates.  10  took  s^-K  jobs:  \hv  othei*  (i 

either  went  into  non-s^v;:!-:  occupations  or  left  the  countiy. 

Tsing  this  l.()  ratio  as  the  benchmark,  it  was  deter- 
mined that  most  of  the  nine  supply-demand  possibilities 
yielded  ratios  equal  to  or  higher  than  l.(>— that  is.  the  su|)- 
ply  of  s.'vi-:  graduates  was  greater  than  the  demand.  Only 
in  three  of  the  alternatives — those  in  which  high-growth 
estimates  were  coupled  with  low-growth  estimates  of 
technical  degree  production— would  there  be  situations 
in  which  shortages  might  exist.  The  restilis  of  this  mod- 
eling exercise  indicate  that  although  there  may  be  future* 
shortages  of  technical  workers  in  some  fields,  overall, 
there  are  more  likely  to  be  surpluses  in  the  coming 
decade  and  beyond. 


•  niiis  method  of  csriituUinir  tlu-  supply  of  now  snciilists  niid  ('nj.nnct'i> 
has  several  detlcieiicies  cited  by  Bniddook  (1992).  the  most  imporiam  ol 
which  is  the  omission  of  other  sources  of  supply.  (1)  individuals 
switchin«  to  sv:-!-:  jobs  from  other  occupations  and  (2)  immi^n-ants. 

^'in  a  response  to  the  ui>  lli.dinKs.  Finn  and  Baker  (19915)  show  that 
there  are  likely  to  bo  more  shoiia:::e  situations  than  predicted  usinjj  i{|>* 
model.  They  reach  this  conclusion  by  showiuir  that  the  Hi.s  eslim  *s  ol 
deprrec  production  are  overly  optimistic. 
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Employment  of  Doctoral  Scientists 
and  Engineers 

Employment  by  Sector 

III  191)1,  ai)i)n)xiinately  'MuAW  (k)Ct()ral  scuMitisis  and 
(X),8()()  (loctoi'al  (MiKHiuvrs  \wv\v  (Miiploycd  in  Vmivd 
Slates.  (Seo  appendix  lablo  3-14.)  .\b()iil  half  the  sci(MUists 
wore  cinployeil  ai  educational  instilulions;  nearly  ontMhird 
wrre  cniployed  by  indiisny.  (S('(»  ll^^ure  M-ll.)  During  the 
past  two  decades,  einploynient  of  doctoral  scientists  has 
been  shifting  from  the  academic  to  the  industrial  sector/' 
A  similar  trend  occurred  anions?  docioratc-holdinj^  engi- 
neers, llie  i)r()poi*lion  of  these  enjj:ine(Ts  employed  at  col- 
leges and  universities  declined  during  the  late  l!)70s  and 
198()s:  concurrently,  the  share  (Miiployed  in  industiy 
increased  (nsb  1991).  In  1991.  one-third  of  enii)loyed  doc- 
toral enj?ineers  worked  at  acad(Miiic  institutions;  a  much 
lii^rher  proponion — 57  i)(M*cent — worked  in  industiy. 

Unemployment  and  Underemployment 

Doctorate-holdin.^  scientists  and  enj^ineers  have  an 
extremely  low  unemployment  rate.  'Ilie  1991  unemploy- 
ment rale  for  all  these  scientists  and  eiTtrineers  was  1.4  i)er- 
cent — far  below  ihe  overall  i:.s.  unemployment  rale  of  6  per- 
cent. In  only  two  fields — t^hemistiy  (2,3  pei'cent)  and  soci- 
(>lo^^y/anthroi)ol()^  (2.9  peirent) — did  doctoral  scientists 
have  unemployment  rates  exceeding?  2  percent. 

llnderemploymenl  ol  doctoral  scientists  and  engineers 
is  also  rare,  hi  1991.  only  1.7  percent  of  doctorate-holdinj? 
scientists  and  enj^ineers  in  the  workforce  were  either  (1) 
holdini^  part-time  positions  when  they  would  have  i)re- 
ferred  working;  full  time,  or  (2)  workinj^  in  non-s^:K  occu- 
I)alions  when  tiiey  would  have  i)referre(l  s^-l-  jobs. 
However.  underempk)yment  in  the  social  sciences  w^-is 
relatively  hi^di — M.S  percent;  it  was  even  hi.trher  in  the 
social  science  subfield  of  soc'olojrxVanthropoloK^.. 

Despite  theS(^  numbers,  several  professional  associa- 
lions*'^  have  been  documenting  employment  difficulties 
faced  by  new  Ph.D.  recipients,  focusing?  on  one  issue  in 
l)arlicular — the  lack  of  permanent,  full-time  positions  in 
academia.  Accordin^^  to  these  groups,  com|)etition  among 
new  Ph.D.  recipients  for  each  tenure-track  o|)eninT  is 
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=  rnpiiblishcd  tabulations  Iroin  Anu'rican  Instllute  ol  Physics' 
1989  SiK'itny  Mt'iubership  Sanii)k'  Suwvy  sliow  thai  fewer  tlian  a  (iiiar- 
\vr  of  the  i)iiysicists  who  received  tlieir  (l(jctoraies  before  1969  work  in 
imlustiT.  In  contrast,  over  40  jiercent  of  tiiose  who  recived  dieir 
(k'^rees  bi'twri-n  1987  and  1989  are  employed  in  indusir\'.  'Hie  eonipa- 
rable  j)roporti()ns  for  univ(»rsity  eniploynieiit  wer(«  17  percent  ai.d  28  |)er- 
cenl.  respectively.  ('Hiese  data  do  not  include  postdoctoral  scientists.) 

'"llie  most  vocal  of  these  ,)rofessiunal  associations  is  a  relatively  new 
orKanizaiion  called  the  Younjr  Scientists  Network.  Others  voicin^^  simi- 
lar concerns  are  the  American  Institute  of  Physics,  the  American 
Mathematical  Society,  and  the  /\merican  Chemical  Society.  Surveys  of 
the  latter  society's  membership  show  unemployment  among  new  doc- 
toral  chemists  (which  did  not  rise  above  4  percent  during  the  recession 
vears  In  the  early  198()s).  increasing  shai-ply  in  recent  years.  American 
Ma;hematical  Society  data  show  the  unemployment  rale  of  new  mathe- 
matics doctorate  recipients,  which  is  normally  about  2  percent,  at  an  all- 
lime  hi^h  off)  percent  in  1992.  See  McClure  (1992). 


Figure  3-11. 

Employed  doctoral  scientists  and  engineers, 
by  sector:  1991 
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See  appendix  table  3-14. 


Science  &  Engineering  Indicators  -  1993 


fierce;  many  new  doctorate-holders  ai*e  becoming 
increasingly  dis^oura^^ed  after  long,  unsucccssllil  job 
searches.'-' 

The  apparent  oversupply  of  doctoral  scientists  in  some 
fields  is  being  blamed  on 

♦  perceived  cutbacks  in  basic  research  funding. 

♦  growth  of  "big  science"  projects  (Flam  1992). 


'"According  to  the  Aiuerican  Malheiuaiical  Society  {.\\[^\  uew  taculty 
recruitmeiU  in  maihematics  departments  is  dowii  drajuaiically.  .\\\^  docu- 
mented that  there  were  17  percent  fewer  lull-time  positions  in  doctorati*- 
KranUnR  mathematics  departments  in  1990/91  than  in  the  precedin.o:  year: 
positions  in  masters-  and  bachelors-Rrantin^  institutions  were  also  down 
sharply,  34  percent  and  18  percent,  respectively.  See  McClurc  (1992). 
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Text  table  3*4. 

Average  annual  salary  offers  to  doctoral  degree  candidates  In  selected  fields:  1988-93 


Chemistry 

Salary 
Math 

Phvsics 

Change  from  previous  year 
Chemistry             Math  Physics 

Percent 

1988  . 

.    .  41.292 

40.668 

42.480 

1989 

43.147 

45.438 

4?  263 

4.5 

11  7 

1990 

45.356 

4^,775 

41.486 

5.1 

1991  . 

47.911 

41.146 

39.913 

5  6 

1992  .  .  . 

50.719 

40.954 

40.940 

5.9 

1993  .  . 

.    .  50,933 

39.500 

50.600 

0.4 

NOTES  Data  are  as  ol  Sopiember  ol  each  year  *  -  not  compuied  for  lewnr  than  20  olfers 
SOURCE  College  Placement  Council.  Survey  ol  Beginning  Salary  Oilers,  annual  series. 


Science  &  Pnginoenng  inatcators  -  1993 


♦  the  I'xodtis  ol  scit'iui'  :s  iVoin  the  lornuM' Soviet  I  nioii 
;i!ul  l{;ist(M*!i  I>I()C  n)tinlri(»s  (an  alivady  oviMVrowdi^d 
job  niaiisi'l  is  bnn^  llootk'd  l)y  these  new  airivais).-" 

♦  liirhl  stale  l)ii(l.irels  that  iiave  ix'sidted  in  eiitbacks 
and  liifiiiir  ireexes  al  slale-siti)j)()rte(l  inslittitiuns 
(P>fennaiu  Kawls,  and  Zuivr  \\m:  and  Cipi'a  1991). 

Some  doctofal  scientists  nnai)le  to  llnd  aeadeniic  posts 
are  reluctantly  lakin^^  second  and  third  i)osldoct()ral 
researchi  j)()sitions.  *  The  most  recent  \sl'  data  (whicii 
cover  years  throiiixh  \\)\)\).  Iiowever.  da  not  show  a  size- 
able increase  in  the  number  ol'  posldoctorate  appoinl- 
inents  (M^>  U)92c). 

.MtlioiiKdi  scietuists  have  been  vocal  in  their  C{)inplaints 
abotit  the  lack  ol  j(^bs.  1<'W  data  are  currently  available  tv) 
sui)i)orl  lIuMr  contentions.  'Ihc  most  recent  C{)inpr(»tien- 
sive.  slalislically  valid  doctoral  employintMit  data  are  lor 
\\)\):\  data  are  not  yel  available.  There  is  a  smatleiiim 
ol"  data  collected  by  ])ro(essional  associations  that  poinls  to 
a  ti.uhteu'n.u:  ot  the  Ph.D.  job  market  in  the  199()s.  l  or 
(A:ami)k  .  data  collected  by  the  American  Instituti*  ol 
Physics  show  tl.e  propoHion  ol"  employed  doctoral  recipt- 
eius  who  took  more  than  6  moiuhs  to  si^cure  permanent 
l)ositions  increasing  from  V^  percent  in  U)89  to  22  i.  M'cent 
in  1991.  (Additional  numbers  provided  by  professional 
associations  on  the  worsening  job  market  faced  by  their 
members  appear  in  some  of  the  footnotes  in  this  section.) 
Also,  data  on  bej^inninjj:  salai7  offers  to  doctoral  di»|^ree 
candidates  may  indicate  a  plentiful  sui)ply  of  applicaiUs  for 
available  jobs.  Averaj^e  annual  salaiy  offers  in  mathemat- 
ics and  physics  fell  between  1989  and  1991.  (See  text  table 
:r4.)  Allhoukdi  bejrinniuK  salar\'  offers  for  physicists  aj)- 


lM)r  cxuniplr.  as  itiany  as  :>()()  niallKMuaticians  iroin  tlu'  lonm-r  Sovioi 
ftiitm  have  muii^Iu  i'nii)lu>nu'nt  \\\  thr  Tnitrd  Stait's  in  tho  last  2  ycais. 
.\tV(M-(lin.u  t(j  (lata  collcttrd  by  ilic  AiiKMX'aii  Mathcniatic'al  Sociriy.  tlir 
fatio  ot  applicants  to  positions  in  tlu'  .\M^  rr.nistri-  made  a  niorr  than  1n» 
dcuiw  turnaround— from  1.2  in  the  niifl-U^SOs  to  ncafly  :'):1  in 
ltiiiiiiKrant>  aecontitrd  lor  l.J  prtrcnt  ol"  tu-w  V\\.[).  tvcipirnts  hiivd  by 
doctorate-irrantin^  di-pannu-nls,  Stv  McClinv  ( W2). 

■  T\\v  American  Clu'niical  Sorirty'ssnt^'ry  of  iis  iiK'mbi'rsbip  n^vcakd 
Miat  the  propoHion    ik'w  chotnistiy  Ph.D.  rrcii)i('nts  taking  postdocior- 
ri-  povitions  increased  tVoni  .U  in-ivcnt  in  U)9'>  to  iw  pcicetu  in  W\n  to 
l^P^Y^-pearnt  in  U)92. 


l)ear  to  havi^  increased  after  1991.  those  received  by  math- 
ematicians continued  to  tall,  and  those  rc^ceived  by 
chemists  did  not  incrc^ise  appreciably  between  1992  and 

199;'). 

l-Yom  another  perspective,  labor  market  expeils.  and 
even  fellow  members  ol  the  NVi.  community,  have  been 
conlendini?  that  there  is  no  shoilaKe  of  challeti^nnK^  work 
oi)l)ortunities  for  doctoral  scieiuists.-  Most  of  those  op|)or- 
tunities  are  in  iiultistry  and  some  will  be  in  nonscieiUific 
si)ecialties,  "where  science  or  entdneeiin^  training  is  not 
only  invaluable  but  also  a  urowin^^  concomitant  of  mana^^e- 
menl  sticcess  and  industrial  and  K^oviTnmental  leadershij) 
so  necessaiy  in  this  lechnolof^ical  a^e"  (ANHiite  1991). 

hi  the  i)ast,  there  was  considerable  resistance  amon.t^ 
new  doctoral  scientists  to  rmi)loyment  in  the  industrial 
sector.-'"'  Many  in  the  academic  comnnmity  held  the  belief 
that  the  most  imi)ortant  work — basic  research—was  done 
in  a  university  setting,  ^unl  that  onl\'  tiniversity  laborato- 
ries could  offer  the  academic  freedom  necessar\'  to 
explore  new  ideas.  Ihit  ihe  stereotype  of  industiy  as  a 
place  whei*e  only  secotul-rate  resi»arch  is  coitducted  has 
hvvu  fadiniz  because: 

♦  'llie  academic  world  has  become  more  constrained. 
'Ilie  quest  for  liindinii:  has  become  a  nevcMM'tulinix 
mission.  Because  fundin.ix  is  so  difficult  to  secure,  sci- 
entists lUviy  not  be  able  to  foUow  their  own  research 
agenda;  instead,  they  may  be  limited  to  conductin.t^ 
research  in  areas  of  interest  to  those  organizations 
willin.^  to  i)r()vide  the  fundin^^  (Pjarina^^a  1992).  (See 
chapters  for  a  discussion  of  the  acadetiiic  \m)  secloi\) 


-Sotne  physicist>  have  initnd  rcwai'dint:  work  in  soltwinf  ctiLiinecP 
invr.  |)ateiii  law.  health  ph\<u's.  .i<.\'i>muinL:.  and  ninny  other  lu^lds.  And 
malhcniaiicians  ai'e  liiidinK  opportunities  in  the  iii'^urance  atid  banking 
industries  and  e'ven  in  the  environmental  field  where  "niodelini^  shoukl 
provide  substantial  <)pp>>riutiiiy  for  applied  inatheinaticiaiis  lor  years  to 
come"  (Seilelinan  .Man  Chynowoih.  head  ol fesearch  at  i^idlcore. 

told  a  Scioice  reporter  (Flam  11)92)  that  "  there's  no  shona.^e  of  really 
intereslimr  work  t.,  i)e  done  if  people  are  williiiir  tn  hv  Hexible."  Most 
[)hysicisls  do  find  work  in  i)hysios.  althoui^h  ihe  jobs  they  K<-'t  may  not 
iiave  been  their  first  choice. 

■  in  addition,  many  new  doctoral  physicists  and  chemists  an*  mipre- 
pared  for  jobs  in  indusir\\  havine  "never  se{  foot  in  an  iiiditstrial  labora- 
un\  (let  alone  a  lactor>  i  "  (Woatherail 
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♦  i  lic  ufrowinu"  luinibcr  <»i  <iK't'rs<Kii  iiulu^in-iinivcr- 
^uy  collaborations  {<iv  chapUT  i)  has  iu'ipcd  tM'asc 
ihc  ami-iiidusin- -.limua  (Holdcn 

Salaries 

liuhislry  has  always  bfcn  luorc  anracii\'i'  ihaii 
aaulcMuia  in  one  imporiani  respect — salary.  In  all  bill  one 
M-icMilific  lli'ld.  doctoral  --alaiir^  are  hiuhcr  in  indiisiiy 
than  in  acadcinia.  '  (N-c  ai)p(Mulix  iai)lc  iM.\)  In  the 
U)S()s.  however,  laciiliy  salaric^s  rose  at  a  I'aster  j)ace  than 
those  paid  scientists  \vorkin.i>'  in  indiisliy.  iKirrowintjf  the 
.trap  between  the  two  i)ay  K^'els  (Finn  11)91.  p,  L'7). 

'Ilie  median  salaries  lor  both  doctoral  en.ixineers  and 
doctoral  scientists  woi  kini^  in  iiuitistiy  were  roii.ixhly  conii)a* 
rable — S7K1(K)  for  en.uijK'crs.  and  S{>t).{)()()  lor  scientists,  in 
hJHl.' ■  hi  the  academic  sector,  liowever.  there  i^  a  sliikint^ 
diverKcnci'  between  the  two  medians,  llie  median  annual 
silaiy  of  all  doctoral  (Miinne.Ts  employed  at  academic  insti- 
tutions— S(;7.S(K) — is  siuniiicantly  iiiuher  than  the  median 
silaiT  lor  all  scientists — s.o.liOO.  Thi^  Si:;.()(){Mlii!frence 
ivilcct--  ihe  lad  that  in  recent  years  many  universities  had 
dil'Il.culty  recruitin.u  eiij^^incerin.ir  lacully  and  iherelore  had  to 
olTer  salaries  competitive  with  those  olTered  by  industiy. 
Only  1)  to  7  [H-rcent  of  all  cMVi^incers  have  doctoral  dt\u*rees. 
makiniu:  them  a  scarce  coniinodily — one  much  in  demand  at 
en.irineerinix-intensive  research  oruani/alions  like  \.\s.\.  as 
wvW  as  on  college  caminises  (Mn.e^ineerin.i^  Mani)ower 
Commission  U)92l)). 

Althoui^h  tlu*  median  salan"  lor  all  doctoral  cMiuineers  is 
hi.uiuM*  in  indiistiy  than  in  aca(l(Muia.  that  is  not  the  case  in 
thret*  en.uinc'erin.u  specialties — civil.  maleri;ils  science,  and 
luiclear. 

Allhou.uh  faculty  ])()sili()ns  in  several  fields  are  current- 
ly scarce,  demand  lor  colle.i^e  and  university  |)rolessors  is 
ex|)ecte(l  to  increase  in  the  laie  H)^)ns  and  continue  to 
increase  beyond  Ihe  yearJOOO  because 

♦  colle.tre  enrollmeiU  will  be  rising-  (a  turnaround  from 
the  current  decline)  as  the  olfsprin,i>'  ol  the  baby 
boom  .generation  reach  colle.ijfe  a.ire: 

♦  colie.u'e  ))r()fessors  hired  in  the  Hl.lOs  and  W\{]<.  will  be 
retirin.t^,  crealin.i^  an  unusually  lar.ue  number  of  vacan- 
cies in  academia  and  the  need  lo  replace  them;-'" 

♦  the  annual  number  of  i  cilixeiis  oblainint^  doctor- 
ales  in  science  has  not  risen  appreciably  for  the  past 
two  decades,  and  there  are  no  indications  il  will 
increase  in  the  foreseeable  future  (sU>  ll)9!)l)). 
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Il  is  oiii'ii  Holed  lhal  ilu'  dillcrrna'  hciurni  I'h.l).  iiicfiiaii  salarii's  in 
imliNiy  and  in  ai  Jidcinia  aduallv  smaller  ihaii  ilir  daia  iiidii'air.  Hiai  \> 
bccaiist  many  aradi'mically  ciuploycd  scicniisN  and  cnirinccrs  jiavr  m'  l(^ 
MUHitli  ojiilracts  Uicy  earn  adrliiioiial  ini'omc  (n<>l  iiidiidcd  iii  die  daia  pr^*- 
•^Miti-d  in  diis  cluipkT)  in>m  ouisnhini^  and  wadiini:  dnnmr  dir  snmnuT. 

I  )ala  i  nlliru'd  by  llu-  l".ndn(M  i  ini:  Wni  kimiM-  ^.  unnni'^'^ion  show  \\\v 
nicdian  •^alaiy  lor  dociural  cni.MiK'rrs  vsnrkmi:  m  indusin  lo  hr 
-To.iKHi.  iSrc  appendix  Uible  ii-^M 

I'or  exan.iple.  in  clKMiiislo  (irpanmcius  llu-  iiumi)(T  ol  rc  lirini:  {)n)lt.s- 
M)r'^  i'^  (  xpccinl  U)  iiK'rvasr  lioiii  ^.lo  pi-r  year  in  ll'^io  lo  .!."»(►  ixm*  year  by 
)"""> aiui  dim  lo  l.)Op4'r \<  arin -!"e(i  (lin  iuiaji.  k.iAis.  .mn  /  .icr  I'J'.rj). 


Special  Populations  in  the 
S&E  Workforce 

I'lmployers  have  be.uun  to  reco.irni/e  the  value  in  havint,^ 
a  diversified  workforce,  one  in  whicdt  women  and  minori- 
ties are  represented  in  jx-oportions  that  ai)pr()ach  their 
representation  in  the  total  population.  They  are  also 
aware  lhal  the  majority  of  new  workforce  entrants  are 
women  and  minorities.  Therefore,  they  are  makin.u"  it  a 
priority  to  hire  more  women  and  minorities  to  fill  white* 
collar  N'acancies  in  their  oruanixations.  Meetinj::  their 
.ufoals  for  hirin^^  women  and  minorities  has  .trenerally 
proven  flifficult,  however.-'  esix'cially  in  particular  occu- 
pations. A  common  complaint  anionic  technical  recruiters 
is  an  inability  to  find  sufficient  numbers  of  women  and 
minorities  to  fill  s\i-:  i)osilions  in  their  companies,  Wliile 
women  and  minorities  have  made  trivat  strides  in  atlcnd- 
in.t^  colle.i^e  and  movinj^^  into  other  |)rofessions  once  dom- 
inated almost  entirely  by  white  men,  e,.u;.,  medicine,  law. 
and  business,  their  paHicipalion  rates  in  en.i^ineerin.u  and 
-ome  of  the  i)hysical  sciences  still  la.ir  far  behind  thosr  of 
white  males  (^Rs  H)!)lid).  Moreover,  nvi-:  [)ipeline  statistics 
(see  chapters  1  and  2)  indicate  that  the  number  of  female 
and  minority  physical  scientists  and  en.t^invers  will  not  be 
much  lar.t^er  in  the  foreseeable  future. 

Women 

Thirty  years  at^o  women  had  few  career  choices. 
.Althoutrh  the  number  of  women  acquirin.t^  college 
fk\i|rees  increased  steadily  diirin.ir  ihe  U)50s  and  19(){)s. 
women's  employment  oi)portunities  were  lar.i^ely  limited 
to  leachin^t^  or  nursin.u^.  Today,  women  have  an  unlimited 
number  of  career  options.**"  nispr()i)orli()nately  few.  how- 
ever, choose  en,uineerin.t^;  women  are  also  underrepre- 
<ented  in  some  of  the  physical  science  fields,  c.i:^..  physics 
and  .L^eolo.iry.  (See  "Factors  in  l'*emale  I'nderrepre- 
-mentation**  for  infoi*mation  on  current  research  into  the 
reasons  for  women's  underrepresentalion  in  these  fields.) 

In  U)92,  just  9  percent  ol  r.s.  engineerin.ir  jobs  werc^ 
filled  by  women.  In  addition,  only  K)  percent  of  workini^ 
l)hysicists  and  astronomers,  and  11  percent  of  ii[eok)j^isls, 
were  female.  (See  fi.i^ure  ?A2.)  In  contrast,  in  1992,  near- 
ly ontMhird  of  all  lawyers  and  oN'er  one-f{uarl(M*  of  all 
physicians  in  the  labor  force  wen*  women.-"'  Also,  women 


1  )uponi  h.!"- 1)<'(  n  <nu'  ol  ilic  niosi  ^U(■t■("^'-I^ll  conipani<">  in  rrcniiiinu 
Aonu'ii  and  niinoriiir'>.  1  )ui)onr<  troal — tliai  ai  Irasi  lo  p<'rt'«'ni  oi  iK  new 
■  prolcssional  and  ict'luiifal)  hires  should  bf  woincn  and  niinorliit-s — 
has  btH'H  ('\ci't'(l('(i  in  most  years.  I'lu'  roiupany  has  evrn  bt't'n  success- 
:id  in  rccruinnu  enough  woukmi  and  ininoniios  lo  nicei  iis  lo-prrceni  tar- 
jci  in  illlini: '-M  iobs  (McCorniick 

'Tunu'r  ;uk1  Howcn  (Ui^n).  in  a  siu(l\  of  colU-^rc  (K'.^rct's  awarded  lo 
Aonien.  C(jnc'iuled  ihai  women  now  ain-ndiui:  eolleire  who  once  eonld 
;ia\e  bi-eii  e.xpeeied  \(i  niajf»r  in  leaehin^^  now  enoose  instead  lo  major 
in  l)usiness. 

'Iliese  perceniatres  will  elinib  sU'adily  for  al  leasl  sevi'ral  UKire  years 
■M'Canse  wonien  now  comprise  aboul  Ui  percent  ol  the  sindcnis  cm*- 
.••  nily  aliendini:  medical  "-i  liool  and  hall  o|  iluise  in  law  school. 
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Factors  in  Female  Underrepresentation 


The  liieraliiiv  is  rcplclc  wiili  accouius  ol"  c()!ni)rclu'n- 
siv(*  analyses  as  lo  why  women  are  underrepresented  in 
engineering  and  scinie  of  ihe  physical  scienees.  Most  ol' 
the  research  points  to  differences  in  ihe  education '  and 
socialization  of  women,  and  the  lack  of  female  scientists 
and  en.uin(HTs  as  role  models  as  the  primary  nnisons 
women  have  made  so  little  progress  in  these  proles- 
sions. 

Unquestionably,  these  are  all  impoinant  factors.  But 
they  do  not  explain  the  remai'kable  pro^^ress  women  have 
made  in  knocking  down  the  burners  to  entry  in  other  dull- 
lending  professions.  T\\e  best  example  is  the  field  of 
medicine.  Women  have  demonstrated  their  ability  to  meet 
the  rigorous  educati  )nal  and  other  n»quirenients  neces- 
sary to  obtain  medical  degrees  in  numbers  approaching 


those  of  men.  I'or  exampk\  in  1992.  fxoCK)  women  earned 
medical  degrees;  in  that  same  yean  only  86  r.s.  women 
were  av/arded  doctorates  in  physics  (sks  1993b). 

One  of  the  reasons  qualified  women  and  men  are 
choosing  careers  in  medicine  (and  law  and  business) 
over  those  in  science  and  engineering  is  obvious — 
salaries  are  lugher.  In  addition,  some  researchers  have 
been  digging  dec^per  searching  for  other  clues.  Some 
of  the  most  promising  inquiries  in  this  area  appear  to  be 
those  sciiitinizing  the  hiiage  of  science  and  engineer- 
ing as  portrayed  in  the  media  and  other  forms  of  popu- 
lar culture  (see  Augustine  1991). 

*lH)r  oxamplo.  VcUer  (1990)  strs  lack  ol"  pn^pJiration  and  profi- 
ck'ncy  in  maiheinaiics  as  ilu'  single  nio^i  iniponani  barrier  prcdud- 
\nu.  women  Ironi  cnj^Mntx'i  injj:  careers. 


have  made  great  gains  in  empioymeut  in  many  ol  the 
sciences,  riu'y  iu>w  account  tor  Mi  prrctMit  ol  the  bio- 
logical scientists,  'M)  percent  of  the  chemists,  and  near- 
ly ()()  percent  of  the  psychologists.  (See  appendix  table 

Women  in  Engineering.  Despiii'  reciMit  progress.  "" 
no  prolession  exhibits  a  greater  disparity  in  the  employ- 
nieni  ot  men  and  wonim  than  engiiiei-ring.  As  recently 
as  1970.  only  DStS  bachelors  degrees  in  ihis  field  (fewer 
than  1  iHMvent  of  the  total)  were  awarded  to  females. 
Between  1975  and  UlSfi,  there  was  tremendous  growth  in 
the  number  of  engineering  baccalaureates  granted  lo 
women,  with  the  number  of  awards  increasing  from 
lewer  than  91)0  in  197."^  to  morr  than  11.0(H)  in  19Sri. 
.Although  the  annual  nnuwcr  o\  undergraduate  engineer- 
ing drgrees  awarded  to  women  tell  slightly  in  the  1990s, 
the  t^crccnta^c  of  degrees  received  by  women  is  holding 
stc^idy  at  about  H)  percent. 

The  sciircity  of  women  obtaining  engineering  degrees 
is  retlected  in  starling  salaiy  data:  New  female  engin(xM-- 
ing  graduates  receive  higher  starting  salaries  than  men. 
The  average  wtughted  starting  salan*  offer  for  bachek)i-s 
degree  candidates  in  engineering  was  s:)4.48r)  for  women, 
compared  to  s:"J:^>J)12  for  men,  in  199:').  -" 

Higher  stalling  salaries  notwithstanding,  a  gaj)  begins 
to  appear  after  several  \ears  of  experience  are  acquin^d. 


Figure  3-12. 

Employed  wage  and  salary  workers  who  usually 
work  full  time,  by  occupation  and  sex 
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computer 
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See  appendix  table  3- 16 
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(llu- ral  lies!  u"AV  lor  wliitlutJinpai  abk"  data  arc  avail- 
able) and  llK'  pcroMUae*'  ol  woukmi  ciminrcrs  in  the  vvorktoivc 
iiurca^i'd  lioiii      prn  t  iU  to  -^.7  pi  iccnt. 

•Kniiiiicfrinu  Workhno'  v. 'Hiiiiitv.ioii  Altlioii.irii  the  iiniiilxM- 

(»l  bacli('l(H>  flck'rce^  in  rnuiiieetiim  awarded  to  vsonieii  lell  slightly  in 
the  l*i"<)s.  the  nmnlx-r  ol  eraduale  deuree^  lia<  c*<mtiniied  to  ri^'. 
( )verall,  inaMci  s  and  (hiclonle  awards  in  eiiirineeriim  iiK  reaM'ci  o.7  pet  - 
eeiii  and  ^'.-^  percent,  re>p<'cnvr'iy.  Inun  \m)  lo  W2.  Awards  to  wonieii 
ill  Uiese  iwn  ealeuories,  liowf-ver,  increased  1").  1  iuTcenl  anrl  l^'.l)  i)er- 
•  •ent.  re^l)eciively,  durinu  lli«-  snne  jjeriofl. 
Q     Penvt'd  ironulie   olleu"  I'laei-ineni  L(»uii(  irv  ivir;  SilaiA  >ur\e\. 
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MenV  salaries  coiitiiuic'  lo  increase  with  years  ol'  experi- 
ence, but  woiiieii's  reach  a  plateau.  The  chief  explanaliou 
lor  this  \videnin.ir  uap  is  lhat  si.unificanlly  more  men  are 
promoted  lo  managerial  posiiioiis  lhau  women. '  Musi  IS.o 
percent  of  female  engineers  held  manaj^emenl  positions  in 
U)tS(),  compared  to  MS.f)  percent  of  male  ei^neers  (sKs 


A  number  ol  recenl  suidies  have  documented  the  iitulerrei)ro'^enia 
lion  ol  v.oiueii  in  corpoiau-  manam  inent  N'<'  P»ntsh  (liMll). 
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Figure  3-13. 

Bachelors  degrees  in  engineering,  by  sex:  1992 


Men 
n  =  53.681 


Women 
n  =  9.972 


Source.  Engineering  Workforce  Commission.  "Women  in  Engineering.  ' 
Engineering  Workforce  Bulletin  No  125.  May  199v* 
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to  the  fact  dial  foinale  cMi.i^inccM-s     usually  youii.u[er  and  less 
(experienced  than  dioir  male  counteipails,  " 

Additionally,  women  and  men  are  disiributed  dil'feivnt- 
ly  anions  eiiKineerin.i^  specialties,  as  indicated  by  bache- 
lors de.i^ree  awards,'''  (See  figure  ?r\[].)  Electrical  and 
mechanical  en^ineerin.ix  are  chosen  most  often  by  both 
men  and  women.  Women,  how(»ver,  are  more  likely  to 
specialise  in  industrial  and  chemical  engineerin.!^,  while 
men  are  iiiore  likely  to  i)ick  civil,  ccjmputer,  and 
aei'ospace  enKine(M"in,u:, 

Women  in  Academia.  Female  scientists  and  en.^i- 
neers  hold  fewer  tenured  ])ositi()ns  at  universities  than 
their  male  counten^aits.  hi  1990/91,  only  17  percent  of 
the  full-time  female  fjculty  in  i  ,s,  colleges  were  full  pro- 
fessors, compared  to  44  percent  of  the  male  professors 
(Brush  1991,  p.  411,  and  Ehrenberg  1991),  The  numbers 
for  the  natural  sciences  and  engineering  are  even  lower, 
hi  1989,  there  W(M"e  (H.OOO  full  professors  in  (he  natural 
sciences  and  engineering  in  the  I'nited  States,  of  whidi 
only  :^),(S()0  W(Te  wooKMi  (SKs  1992d), 

Women  comprised  1S.(S  i)ercent  of  the  doctoral  .vVK 
workforce  in  1991.  (See  text  table  \\<).)  While  women  are 
well-rei)resentcd  in  psychology  and  fairly  well-represent- 
ed in  the  social  and  lile  sciences,  they  accounted  for  only 
?)A  percent  of  all  doctoral  engineers  in  1991,  Of  all  aca- 
demic llelds,  engineering  has  the  lowest  proportion  of 
women  with  Ph,D,  degrees. 

Minorities 

Like  women,  members  of  the  two  largest  minorit>' 
groups  in  the  I'nited  States — blacks  and  Hispanics — are 
underrepreseni  .  .1  in  the  s^v;:!-;  workforce,  hi  contrast. 
.Asians — the  third  largest  minority  group — make  up  a 
larger  share  of  the  s.^i-;  workforce  than  their  representa- 
tion in  the  total  population. 

Blacks  are  underrepresented  in  many  professional  spe- 
cialty occupations.  Nowhere  is  this  more  evident  than  in 
science  and  engineering.  (See  appendix  table  3-17.)  Al- 
though blacks  comprised  about  1 1  percent  of  the  total  I  '.s. 
workforce  and  8  percent  of  all  those  in  professional  spe- 
cially occupations  in  1992,  only  4  percent  of  employed 
engineers  and  2.7  percent  of  the  natural  scientists  were 
black.  (See  figure  3-14.)  Tlieir  representation  in  madie- 
matical  and  computer  science  occupations  was  somewhat 
higher  at  7,1  percent.  Although  some  progress  has  been 
made  over  the  past  decade — (:\g,,  the  proportion  of  black 
engineers  in  the  workforce  rose  from  2,(3  percent  in  1983 


1990),''  The  difference  in  the  percentages  of  men  -^nd 
women  engineers  in  management  is  in  large  part  attri.  ole 

'.'XiTierican  Clu-mical  Society  data  also  show  that  as  male  clicniists 
ac(|uin'  iiioriH'xix'riiMKV.  ihry  air  far  iiio'-o  lil<rly  than  iViualrs  with  sinv 
ilar  years  i>t  rxpcricncc  to  i^o  into  inaiiai^enioiit.  In  addition,  thoso  thita 
show  that  wonuM]  havr  not  niadi'  any  i)i()j^rt»ss  in  moving'  iiUn  \i^u  man- 
aiUMUcnt  positions,  hi  1990.  7  pcrcrnt  ol'  female  chemists  in  indn.itn- 
were  managers,  the  same  pereentaerc  recorded  10  years  earlier 
Q    (Hilemanand  Kawls  wm). 
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Also  i)lanied  lor  the  dearth  of  female  enjrineers  in  maiiaKH'niem  are 
various  Mjciali/ation  factors — t\.L(..  wonuMi  are  less  concerned  with 
work,  are  not  driven  by  a  desire  for  hi^di-statns  i)ositions  or  promotions, 
aiul  are  only  working  until  they  raise  a  family  (See  \'etter  liH)2a). 

•'WoiDon  s  particular  choices  in  en^dneeriiiK  i)ri>vide  sui)pon  for  the 
supposition  that  wcMiien  are  more  likely  than  men  to  select  s<K!K  fields  that 
have  more  bearimr  on  the  well-bcinK  of  humans  and  their  quality  of  life. 
Similarly,  in  the  natural  sciences,  women  are  more  lii^hly  represented  in 
ihe  life  sciences  tlian  in  the  physical  science>  (Pjai^mee  1990.  pj).  7-9). 
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Text  table  3-5.  .         ,^        .     .        *•  -mrn 

Female  and  minority  proportions  of  doctoral  science  and  engineering  workforce,  by  degree  field:  1991 


Female 


Total  science  and  engineering 


Environmental  sciences . 


Engineering  

Aeronautical/astrona 

Chemical  

Civil  

Electrical/electromc . 

Matenals  

Mechanical  


Proportion  of  science  &  engineering  workforce 

Native 

Black                Asian  American 
 .  — Percent  ■  


Hispanic 


18.8 

2.1 

Q  Q 

y.o 

0  2 

1.8 

21.7 

7 

f  .O 

0.2 

1.8 

8.9 

1.1 

1 1  .o 

U.  1 

1.7 

10.2 

<  < 

1 .1 

1  n  7 

1  U.  r 

0.1 

2.2 

1 1 .8 

U.b 

0.1 

1.7 

y.D 

5.3 

0.2 

1.0 

24.0 

1.9 

7.8 

0.2 

1.6 

38.1 

3.1 

1.6 

0.2 

2.0 

23.9 

4.2 

5.6 

0.2 

2.1 

3.4 

1.2 

23.1 

0.2 

1.9 

2.0 

1.4 

19.3 

1.5 

3.7 

0.8 

24.4 

1.2 

3.6 

2.4 

23.0 

0.2 

2.0 

2.5 

1.3 

23.3 

0.1 

1.9 

6.0 

0.9 

25.2 

0.2 

3.0 

2.1 

1.4 

26.7 

0.1 

2.0 

2.8 

0.3 

18.8 

• 

2.8 

13.4 

5.8 

15.8 

• 

4.3 

3.2 

0.3 

20.9 

0.4 

1.5 

NOTE  ■  =  no  cases  reported. 

SOURCE.  Saence  Resources  Stud.es  D.v.s.on.  National  Scence  Foundation.  Characiensucs  of  Oocloral  Scienusis  and  Engmeers:  1991  (Washington.  DC: 
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NSF.  forthcoming). 


to  4  percent  in  1992.  and  the  percentage  of  niatheiiiatical 
and  computer  scientists  increased  from  5.2  to  7.1  per- 
— iheir  representation  anionj^  natural  scientists  actu- 
ally declined,  droppinj^  from  :il  percent  to  2.7  percent 
durintr  this  i)eriod. 

Ivmploymeiit  of  Hispanics  in  s\K  occupations  shows  a 
similar  de,t(rce  of  underrepresentation,  one  that  is  per- 
haps even  more  severe  in  the  case  of  professional  spe- 
cialty occupations  in  ^reneral.  However.  Hispanic  repre- 
sentation in  all  three  s^:i-:  catej^ories — engineering?,  math- 
ematical and  computer  science,  and  natural  science — 
increased  between  1983  and  1992. 

There  are  some  positive  trends.  The  production  of 
minority  engineering  graduates  has  been  increasing 
steadily.  Data  from  the  Engineering  Workforce 
Commission  show  the  percentage  of  bachelors  degrees 
in  engineering  awarded  to 

♦  blacks  increasing  from  fewer  than  1  percent  in  1970 
to  nearly  4  percent  in  1991,  and 

♦  Hispanic  graduates  (of  domestic  institutions)  increas- 
ing from  1.8  percent  in  1973  to  3.(3  percent  in  1991. 

Doctoral  statistics  in  engineering  remain  an  area  ot 
concern.  Unlike  Hispanics.  blacks  have  made  almost  no 
Q   )rogress  in  the  past  decade  toward  increasing  their  rei> 

ERIC 


resentation  am{)ng  Ph.D.-holding  natural  scientists  and 
engineers.  Blacks  earned  only  1.3  percent  of  the  doctor- 
ates awarded  in  the  natural  sciences  and  engineering  in 
1990;  this  was  about  the  same  percentage  as  their  pro- 
portion in  1980.  hi  contrast,  the  number  of  Hispanics 
earning  doctoral  degrees  more  than  doubled.  The  pro- 
portion of  all  doctoral  degrees  awarded  to  Hispanics  rose 
from  just  over  1  percent  in  1980  to  2.7  i)ercent  in  1990. 

Doctoral  workforce  statistics  are  similar.  Only  1.5  per- 
cent of  the  doctorate-holding  natural  scientists,  and  1.2 
percent  of  the  doctoral  engineers,  working  in  the  United 
States  in  1991  were  black.  (See  text  table  3-5.)  Hispanics 
accounted  for  slightly  higher  proportions— 1.7  percent 
and  1.9  percent,  respectively.  In  contrast.  9.8  percent  of 
doctorate-holding  natural  scientists  and  23  percent  of  doc- 
torate-holding engineers  working  in  the  United  State  in 
1991  were  of  Asian  origin. 

The  scarcity  of  black  and  Hispanic  scientists  and  engi- 
neers has  made  them  a  much  sought-after  group  of  poten- 
tial employees.  Despite  the  slowdown  in  recmiting  activi- 
ty in  the  1990s,  a  recent  survey  revealed  that  employers 
consider  diversifying  their  workforces  and  the  availability 
of  minority  candidates  in  technical  specialties  to  be 
among  their  major  concerns  (College  Placement  Council 
1991).  Graduating  Engineer,  a  journal  that  monitors  job 
prospects  for  minority  engineering  candidates,  deter- 
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Figure  3-14. 

Representation  of  minorities  in  the  science  and 
engineering  labor  force:  1992 


Blacks '  3% 

ispanic  origin  -  3% 
Asian  &  other  -  To 


Natural  scientists 
N  =  402.000 


Blacks  - 
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Math  and  computer  scientists 

N  =  861.000 


Blacks  -  4'*o 

Hispanic  origin  -  3**'o 

Asian  &  other  -  8" 


Engineers 
N=  1,594.000 


See  appendix  table  3-17 


Science  &  Engineering  Indicators  -  1993 


ininod  thai  minority  students  have  a  slight,  but  definite, 
(xlcre  over  their  nonminority',  male  counten^arts  in  com- 
peting for  euKineerinir  jobs  (Law  1992). 

Immigrant  Scientists  and  Engineers 

Immigrant  seieiitisis  and  engineers  have  always  been 
a  crucial  component  of  the  workforce  in  the  United 
States,  hi  1992,  nearly  23,000  scientists  and  engineers 
immigrat(*d  to  the  United  States,  62  percent  more  than 
in  1991.  The  1992  increase  is  probably  due  to  enactment 
of  the  hiimigration  Act  of  1990,  which  nearly  tripled  the 


number  of  employment-based  visas  that  can  be  issued 
annually. 

Regions  of  Origin.  \h)si  of  the  s.V!K  immigrants  admit- 
ted in  1992  were  born  in  the  I'ar  Kast,  [)rimarilv  hidia 
(3,(500),  China  (3,100),  and  Taiwan  (2,400).  Also.  Poland, 
the  United  Kingdom,  the  Philippines,  the  newly  indepen- 
dent states  of  the  former  Soviet  Union,  Hong  Kong,  Iran, 
and  Canada  each  accounted  for  at  least  500  of  the  scien- 
tists and  engineers  who  immigrated  to  the  United  Slates 
in  1992.  (See  appendix  table  3-18.) 

The  annual  number  of  s^^K  immigrants  admitted  to 
the  United  States  during  the  1980s  ranged  between 
9,500  and  13,000.  During  the  1970s  and  1980s,  there 
was  only  minor,  gradual  shifting  in  the  shares  of  immi- 
grants from  various  regions  of  the  world.  The  propor- 
tions of  immigrants  born  in  Western  Europe,  the  Near 
and  Middle  East,  and  the  Western  Hemisphere  rose 
slightly;  while  the  proportion  born  in  the  Far  liast 
declined  from  52  percent  in  1976  to  about  43  percent  in 
1990.  (See  figure  3-15.) 

After  1990,  however,  there  were  some  dramatic 
changes  in  the  proportions  of  SvvK  immigrants  from  the 
various  world  regions: 

♦  nie  share  of  SiJi:!-:  immigrants  from  countries  in  llu^ 
Far  East  increased  from  43  percent  in  1990  to  55  per- 
cent in  1992. 


Figure  3-15. 

Immigrant  scientists  and  engineers, 
by  region  of  birth 
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Text  table  3-6.  . .  .   ^  ^ 

Scientists  and  engineers  from  the  former  Soviet  Union  admitted  to  the  United  States  on  permanent  visas 


1982 


1983 


1984 


1985 


1987 


1989 


1990 


1991 


Total  scientists  and  engineers                 "68  255  189 

Engineers                                           562  204  148 

Math,  scientists  &  computer  spec                112  17  11 

Natural  scientists                                  67  29  19 

Social  scientists .                             .27  5  ^  ^ 


125 
90 
6 
19 
10 


116 
79 
7 

17 
13 


440 
351 
23 
40 
26 


646 
479 
96 
40 
31 


1.561 
1,253 
102 
118 


1992 


826 
588 

83 
104 

51 


SOURCE  lnim.q.3iion  and  Naturai.^anon  Service,  unpublished  tabulations  by  Science  Resources  Studies  Division.  National  Science  Foundation. 
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♦  riu'  i)r()|)()rli()n  ironi  Coitral  and  Eastern  Europe 
incn^asc'd  from  VI  iHMvcnl  in  l^)^K)  lo  IS  pcrccMil  in 

Inil  Ilu  n  (lr()i)pr(i  back  down  to  IL^  iXMrcMtl  in 
\\)\yi.  The  \W\  iiicivasr  was  caiiscci  by  an  iinprw- 
(icnlc'd  lUiniixT — l.r^i^l — ni  MMcniisls  and  cn.un- 
iictT^  cnniiraiinir  ironi  ihc  lornuM*  Soviet  I  nion.  (Sci* 
ifxi  tabic  :;-(>). 

♦  riic  >liarc  of  -M.  inmiiirralion  roi)rcs(Mtlc(l  by  cacii 
of  tlu'  uiIkt  ifi^ions — W'l^tcrn  Europf.  the  Scar  and 
Middle  East,  Africa,  and  thr  Western  Honisphere— 

durini^  lite  U)^K)s, 

Fields  of  Employment  Annually,  two-thirds  to  ihrcv- 
(liiartcrs  of  the  nvI-.  iniini.urants  admitted  lo  the  I'liitcd 
States  arc  en.trinccrs.  (See  fit^uiv  hi  l.')  \)v\'- 

cciU  wore  inathoniaticians  or  conii)nter  specialists.  12 
p(MTent  were  natural  scientists,  and  percent  were  social 
scientists. 

lM)rei.ii:u-l)orn  en.uincers  are  i)articularly  i)revalcnt  on 
I     colletje  campuses  (where  many  of  ihem  earned  their 
doctorates).  Many  of  the^e  immi,ii:rants  are  leaching. 
therel)y  helping  ease  a  shoita.ue  of  enkdnetMMiii^  faculty 
caused  by  a  decline  in  the  number  of  \  .s.  citizens  who  pur- 
sued eii^ineerin.u:  doctoral  decrees  in  the  ])revious 
decade.  Certain  eiv^ineerin.i:  jobs  in  i  .s.  industrial  firms — 
those  with  a  PiMUa.i^on  connection— require  r.^.  citizen- 
ship, so  many  immi.i^rants  have  an  easier  lime  llnditiR  jobs 
on  college  campuses.  Without  these  imniii^raiits.  some 
entriiieerin.tr  sciiools  would  hav(^  had  difficulty  surviving 
(see  F>arber  and  Mori^an  U)cS7.  U)88).  Pnit  Ihere  is  a  down- 
side to  the  increasintrly  foreign  makeup  of  many  eii^d- 
neerintr  (k^i)arimenls:  Repoils  of  lani^ua.t^e  (see  !>arber. 
Moruan,  and  Tor^lrick  11)S7)  and  cultural  barriers  have 
surfaced,  the  latter  leadin.ir  to  charges  of  insiMisilivily 
toward  women  and  minorities  (see  Velter  U)92a).  lliere  is 
also  the  view  held  by  some  labor  market  economists  that 
easy  access  of  forei.^n  nationals  lo  i  .s.  coHe^^e  campuses 
lets  the  I'niled  Slates  continue  lo  i.i^niore  its  resi)onsibirily 
to  develop  science  and  eiiMincerintr  talent  ainon.u  wonuMi 
and  underrepresented  minoiilies  (Bertrmann  1^)^)2). 
Few  would  (lisatrnH^  that  immi^^ranls  with  doctorates  in 
I    'n.trineeriau  are  makin.u  a  vahiable  conlributk)n  to  the  i  \n 


economy  and  thai  without  them,  i  educational  instilu- 
lions'  engineerintr  depailments  would  face  a  serious 
dilemma,  'lliere  is  less  consensus  on  the  immigration  of 
engineers:  efforts  lo  increase  immigration  are  sometimes 
-;een  as  a  means  of  keeping  wages  de|)ress(Hl  (Kngi- 
neering  Manpower  Commission  lll^Hb),  There  is  also 
concern  about  the  economic  consequences  of  iIk^  "brain 
drain"  on  both  (U^veloped  and  developing  countries. 
There  is  some  evidence  that  an  increasing  number  of  for- 
eign nationals — especially  those  from  Taiwan  and  South 
— are  returning  lo  their  home  countries  (see  chap- 
ter 2  and  sKs  l99:-)a). 


Figure  3-16. 

Scientists  and  engineers  admitted  to  the 
United  States  on  permanent  visas 
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international  Comparisons 

A  country's  employment  of  scientists  and  eti.t,niieers  is 
a  significant  indicator  of  its  level  of  effort  in.  and  relative 
national  priority  for,  science  and  tt^chnolo.uy.  Inter- 
national c()mi)aris()ns  are  complicated,  however,  by  dif- 
ferences in  countries'  d'4lnitions  of  si)ecillc  jobs  and  in 
methods  of  data  collection  and  estimation.  Still,  interna- 
tional employment  data  provide  insight  into  the  relative 
strengths  of  s^v;:!-:  workforces  globally.  This  section  pre- 
sents data  and  limited  comparisons  on  the  s.v::K  workforce 
in  Canada.  France.  Germany."  Italy,  japan,  Sweden,  the 
United  PCingdom.  and  the  United  States, 

S&E  Employment  as  a  Proportion  of  the 
Labor  Force 

More  nonacademic  scientists  and  engineers  are 
employed  in  the  United  States — :).5  million — than  in  any 
other  major  industrialized  countiT.  japan  ranks  a  disiaiu 
second  with  2.3  million  nonacademic  scientists  aiul  engi- 
neers. (See  appendix  table  irUU  Until  recently,  the 
Uni-ed  States  also  iiad  the  highest  proportion  of  its  labor 
force  employed  as  scientists  or  engineers — y2S  per 
10.000  workers  in  1986.  More  recent  data.  howevcM*.  show 
the  I'.s.  ratio  at  298 — below  that  for  Sw(*dcn  (522).  japan 
(380).  and  the  United  Kingdom  (:^2S). 


largest  number  of  such  starniists,  I'hc  maiuuacturing 
sector  is  the  second  largest  emi)loy('r  of  scientists  in  the 
other  five  couiUries.  In  the  I  niled  States,  ilu»  govermneiu 
sector  emi)loys  the  third  highest  number  of  nonacademic 
scientists.  (See  api)endix  table  :)-'J().) 

The  ))^anu/arturi)l,^,six\ov  was  the  largest  employer  of 
nonacademic  engineer.';  in  six  of  the  st*ven  C()untries  com- 
l)are(l.  The  i)r()i)()rtions  '*;inged  from  ill  [)ercent  in  Canada 
to  nearly  half  in  >>W('(k'n.  the  Unitinl  Kingdom,  and  the 
United  States.  In  japan,  however,  more  engineers  are 
em|)k)ye(l  in  the  seivices  sector  than  in  manufacturing. 

Across  all  countries,  engineers  considerably  oulnum* 
b(M*  scientists  in  manufacturing.  (See  appendix  table  W- 
21.)  By  occupation,  industrial/mechanical  engineers  con- 
stituted at  least  half  of  the  nv;-!-  nuuuU'acturing  workforce 
in  the  United  States,  the  Tnited  Kingdom,  and  SwedcMi. 
The  i)r()i)ortion  of  du*se  engineers  was  also  high  in 
l-'rance.  Uermany.  and  Canada,  when*  they  accounted  for 
between  11  and  4!)  perceiu  of  all  sciiMUisls  and  engineers 
emi)loyed  in  maniU'acturim:. 

The  (listributii)n  of  the  japanese  s\.|-  manuiacturing 
worklbrce  differs  from  that  of  the  other  countries.  In 
jai)an.  the  largest  i)r()i)ortion  of  its  xv;:!-;  manufacturing 
workforce  was  civil  engini'ers  (M2  perceiU),  (I- or  all  other 
C()untries.  except  Cienuany.  civil  engineers  accouiUed  for 
no  more  than  3  i)ercent  of  the  manufacturing  s,vi-. 


Employment  of  Women 


Tlie  United  States  has  had  more  success  than  the  other 
industrialized  countries  studied  in  attracting  wonuMi  into 
the  nonacademic  SvV:l-:  workforce.  (See  appendix  table  ?>- 
19.)  It  has  the  highest  proportion  of  female  scientists  in 
the  labor  force  (54  per  lO.OOO  workers),  (.anada  ranks 
second  with  48.  followed  by  Sweden  (  K>),  I' ranee  (!^)(^). 
and  the  United  Kingdom  CV2).  Among  these  countries, 
the  United  States  has  the  second  highest  pr()i)ortion  of 
female  engineers  (13  per  10.000  workers):  Sw'eden  has  a 
higher  ratio  of  female  engineers — Ki.  /Mthough  women 
are  vastly  underrepresented  in  engineering  in  all  indtis- 
trialized  nations,  their  ntnnbers  have  been  increasing. 
P'or  example,  in  the  United  States,  the  ratio  of  female 
engineers  per  10,000  workers  rose  from  8  in  11)S(^  to  13  in 
1992.  In  japan,  it  rose  from  3  in  1985  to  8  in  1990.  ""^ 

Employment  by  Sector 

In  five  of  seven  major  industrialized  countries.'"  tin* 
services  sector  is  the  leading  emi)loyer  of  scientists. 
Germany^'*  and  the  United  Kingdom  are  the  exciM^tions — 
in  both  countries,  the  manufacturing  sector  employs  the 
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'•'(it'rman  data  in  this  sociion  iwv  for  ilic  lormcr  Wcsl  (Irnnany  only. 
'""Center  for  Inleniational  Studies,  r.^  Census  P.ureau.  and  unpub- 
lished N^F  data. 

'"The  comparison  in  this  section  docs  not  include  Italy. 

"German  data  in  dus  seclicui  are  lor  iln-  inrnier  WVsl  (M-iinany  only. 


Figure  3-17. 

Ratio  of  R&D  scientists  and  engineers  per  10,000 
workers  In  'he  general  labor  force,  by  country 
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svorkioro'.l  japan  had  ilu-  Miialk'^i  i)r()i)()rii()n  ol  naiii- 
ral  MMcMiiisis  (I  pnrcMii)  nuploycd  in  niaiuiiacuirinu'. 

R&D  Empioyment 

Th(^  rnik'd  Slalrs  had  mow  i'ii  scuMiiisis  and  rn.i^inccrs 
rnixaKi'd  in  \<\u  in  19S9  lhan  did  japan.  (Irnua  ly,  I'raiuw 
tilt'  l  iiilt'd  Kin.^doni.  llaly,  anci  Swcnk'n  combined.  (Sre 


ai)iH'n(iix  lahlc  .l-H'J.)  hi  laci  die  I'r.ilcd  Siaus  had  (wire  as 
many  k*m>  >cit'niisis  and  cnuinccrs  a>  Japan  and  abonl  live 
limes  as  many  .;s  (irnnaiiy.  An  a  [jropoinion  ol  die  labor 
loire.  however,  Jai)an  now  has  ai)i)r()ximaiely  die  samecon- 
eeniranon  oi  iuvl>  seieiuisis  and  eni^ineers  as  does  die 
Tniled  Stale>.  Jai)an's  VM)  rauo  oI  KM)  seieiuisis  and  vwir'i- 
neers  i)er  lo.ooo  labor  loree — 77),{) — was  exaclly  die  same 
as  die  UK*^^)  I     ralio.  (See  fiirnre  ',M7.) 
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OJiapter  4  P.isearcn  A  Devetopnient  r.(>,ancial  Resouicos  ana  institutional  LioKaqes 


National  Tkk\!)s 

♦  Continued  slow  jfrowth  is  indicated  for  the 
Nation's  investments,  i  siipi)()i'l  lor  K\l^ 
i^revv  al  an  j'siiiiialecl  avera^^e  annual  conslanl  dollar 
rnu*  ()!*  0.^)  percent  l)el\ve(Mi  H)S5  and  oi*  <Mie- 
^ixlh  [hv  j.ii-piM'ccnl  rair  Inr  ihe  i:)7r)-S.')  i)cri()d. 
Tola!  RS:\)  exi)endiliires  reached  an  eslinialed  SKU 
billion  in  llHKl  or  percent  ol  ^ross  doniesiic  prod- 
uct ((il)l'). 

♦  llie  I'nited  States  leads  all  other  countries  in 
terms  of  the  amount  spent  on  K&I).  Allhou^di  the 
I'liiled  Stales  si)eiit  II  i)ercent  more  on  total  UScU  in 
1991  than  did  Japan,  the  former  West  (lermany,  and 
France  combined,  these  ihret^  countries  collectively 
sj)cnt  17  ])ercent  more  on  noiidc/ajsr  However, 
only  in  japan  has  iiondefense  .iri'^^wu  notably 
faster  than  in  die  Tniied  States  since  the  early  19S()s. 

♦  There  has  been  a  worldwide  slowing  in 
fundinji  j^rowth  since  the  late  198()s.  SluK,e,dsh 
KX:1)  irrowth— and  eV(Mi  decline — is  recently  indicated 
for  each  of  the  s(»ven  major  research-intensive  indus- 
trialized countries. 

♦  The  I'Vderal  (iovemment  pnnides  a  decreasing 
fraction  of  r.S.  support.  The  fi'deral  share  of 
the  Nation  s  R^vl)  hindinK  total  edited  dowiuvard  from 
U>  percent  in  1!)85  to  an  estimated  IL^  i)ercent  in  199;'). 
Industiy  s  share  of  total  increased  sli^ditly  (lurin^^  this 
j)enod,  from  51  to  fVi  percent,  'llie  combined  share  of 
state  irovernment.  university,  and  nonprofit  su|)|)ort 
)^i*evv  from  i>  to  (>  perccMit. 

♦  I'niversities  account  for  an  increasing  propor- 
tion of  t  .s.  performance,  llie  share  of  all  KM) 
that  was  conducted  in  academic  institutions — <'xcludin.^ 
associated  federally  hmded  \<S:\)  ceiUers  (KFRDCs)— 
.urew  from  9  perccMit  in  19cS.5  to  Ki  i)erceiU  in  199:5. 
industrial  firms'  \<S:\)  performance  share  fell  from  7'2 
to  68  percent  over  the  same  period.  RvK:l)  undeilaken 
in  federal  aj^encies'  intramural  labs  and  all  ITKM)c  s 
combined  annually  accounted  for  1()  to  17  perceiU  of 
the  I'.s.  total. 

♦  The  character  of  KXI)  activities  is  shifting. 

Developnienl  declined  from  i)ercent  in  19.S5  to  an 
estimated  j)ercent  in  1993  as  a  proportion  of  th(^ 
Nation  s  K\:I)  total.  Applied  research  trrevv  from  22  to 
23  percent,  and  basic  research  increased  from  K5  to 
U)  percent.  The  increasing  complexity  and  interrelat- 
edness  of  \m)  activities  may  make  these  conceptual 
distinctions  K'ss  useful  in  the  current  research  envi- 
ronment than  they  had  been  previous!;. . 
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♦  Health  accounts  for  a  rapidly  growing  share  of 
the  Nation's  total  RvVI)  investment.  The  National 
Institutes  of  Health  (Mil)  estimates  that  aboiU  lS|)er- 
cenl  of  combined  federal.  stat(\  and  local  ^overiunent 
KXl)  sui)i)orl  is  healtlvrelal(Hl,  and  that  most  of  it  is 
provided  by  \ni.  Similarly,  about  hS  percent  of  all  i)ri' 
vately  hmded  is  health-relatcKl.  Health's  share  of 
the  Nation's  KM)  total  was  about  \2  |)erceiU  in  1985. 

♦  The  slate  distribution  of  HK\)  performance  is 
hi0ily  concentrated  and  relatively  stable.  \<^[) 
carried  out  in  10  States  accounted  for  i)7  pc  rceiU  of 
the  1991  t'.s.  expenditure  total.  California  alone 
accounted  for  a  2()'i)ercent  share.  This  iJeo^u*ai)hic 
concentration  is  not  new:  in  1975,  liiesr  same  10 
States  rei)reseiUe(l  (U  i)ercent  of  the  K.V:!)  i)erf()rme(l 
nationwide. 

Fi:i)Kim/rHKNi)s 

♦  I  .S.  (Government  funding  priorities  arc 
shifting.  Defense  accounts  for  5i)  ixM'ceiU  of  the  esti- 
mated 1994  federal  effort,  down  from  its  ()9-per- 
ceiU  peak  share  of  1987.  Most  federal  ^n'owlh  since 
then  has  been  in  health  research — nuich  of  it  An)s- 
rtdated — and  si)ace  I'esearch.  |)rimarily  for  Space 
Station  Freedom.  Since  1990.  considerable  ^u*ovvth  is 
indicated  for  the  industiy-related  ai)plie(l  research 
proi^rams  of  the  l)ei)artme!U  of  Conuiierce  and  for 
universily-i)erformed  basic  research  funded  by  Ihe 
National  Science  Foundation. 

♦  Federal  research  support  is  concentrated  in 
particular  fields  of  science.  Funding  for  the  life 
sciences  dominates  federal  basic  research  totals  (•!() 
perceiU  in  and  has  ^rown  steadily  since  tlu' 
early  198()s.  One-third  of  federal  ai)i)lie(l  researcii 
support  is  for  the  life  sciences  and  one-third  for  en^i- 
neerini^,  primarily  aeronautical. 

♦  Individual  investigators  receive  a  slightly  small- 
er share  of  federal  civilian  academic  research 
support  than  in  the  past.  From  1980  to  1989,  the 
share  of  such  funds  i^^oing  to  individual  investi.c^alors 
declined  from  5ti  to  51  percent,  'llie  proportion  of  fed- 
eral nondefense  academic  support  that  funds  research 
teams  and  major  facilities  increased  somewhat. 

♦  Federal  K<^n  support  is  increasingly  tied  to  spe- 
cific multi-agency  initiatives.  As  part  of  an  overall 
strategy  to  use  science  and  technoloi^y  to  achieve 
national  goals,  the  1994  budget  targeted  S12.5  billion 
for  six  presidential  initiatives,  ranging  from  global 
cnviromiiental  change  research  to  science  and  math 
education. 
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♦  Considerable  chanj^e  is  under  way  in  the 
Deparimenl  of  Defense  (DOD)  i)()st-C()ld  War 
budjjctary  plans.  accoiiius  lor  11  ixmtc'IU  (S:;<S 
billion)  ol  1)01)  s  (^sliiiialcd  lolnl  oiillays  (S2()U 
billion),  up  Ironi  ils  I()-|)(mV(miI  share  (SI!!  billion  ol 
Iho  Si:)2  billion  DOD  lolal)  at  llu*  bouinnin.ir  ol  tho 
(Irlensc  bnildui)  in  1980.  In  Don's  iu»w  Science  and 
Technolo.iry  Proj^rani,  .uovci-nineni  K\^l)  i^  eni])ha- 
^ixed  as  a  way  lo  mainlain  ihe  Nation's  (U»lense  lech- 
nolo.ixy  base.  DOD  has  relaxed  ils  criteria  delinin.u- 
Ihose  indusliy  indei)end(M)l  \<K\)  projects  that  it  will 
reimburse.  Additionally.  POD  is  liindin.u:  out  of  its  K\l) 
l)ud.ixel  a  multi-a.ixcMicy  delense  conversion  i)rourani 
lo  bolsler  economic  conipetilivtMu^ss  and  i)r()inotc 
dual-use  technologies. 

INDI  STKY  'n^KNDS 

♦  Direel  federal  HK\)  support  to  induslrv'  is  highly 
coneentrated  and  oecasionally  targeted.  Inderal 
Kinds  account  lor  just  one-lourth  of  the  money  used 
lor  industrial  K^:l)  |)(Mlbrmanct':  at'r()si)ace  and  com- 
munication eciuipmcMU  firms  receive'  7(>  i)crcem  ol 
this  lediMal  suppoit  total.  FedcM'al  agencies  also  pro- 
vided one-third  of  the  k^-l)  funds  used  by  nnnnianu- 
./?7r//fn«/^  industries  in  1991.  Moreover,  durin.iz  the 
past  dt»cade,  more  than  S3  billion  in  federal  K\l)  sup- 
port has  becM)  awarded  to  small  businesses  throu^li 
the  Small  P>usiness  Innovation  Research  pro.uram. 

♦  Considerable  indirect  federal  KM)  support  is 
provided  to  industr>\  Since  19S1.  more  than  SLM) 
billion  has  been  [)rovi(U'd  to  indusliy  ihroutjh  tax 
credits  on  incremental  research  and  experimcMUation 
exjKMi(liturt*s. 

Introduction 

Chapter  Background 

The  I'niled  Slates  si)(MU  an  estimated  SUU  l)illi()n  on 
n^search  and  development  (U.^D)  activities  in  199:).  This 
investment  in  the  discovery  of  new  knowled.u^e — and  in 
the  ai)i)licati()n  of  knowledj^-e  to  the  (leveh)i)menl  oi  new 
and  improved  i)ro(hicls,  i)rocesses,  and  services — was 


ThnniditHii  Ihis  i  hiiiHcr.  ciirrnii  rundiiit;  '>r  .  \)»'ii(litiit'-  <l.iia  avv 
pR'srnlcd  ill  nniniiinl  dollars.  In  ki'rp'"i-'  ^^"l^  '  ^-  ('»>vi*rnnu'iii  iiiid 
iiiUTii.-iliuiial  ^laiid.nds.  utikI  (hii.i  ii^ualK  .ut  drilaii-d  i.>  l'»ST 
amsiaiu  dollars  usin.u  ilu'  iinplicii  price  drdator  and  art*  indicat- 
«•(!.  (Sec-  appendix  table  1-1.)  Sinee  cPI'  de^al<n■>^  are  ealculalerl  <»n  an 
.  eonunu  wide  railier  llian  l\.\!»-spc(.  irK-  l^a^js.  dn  ir  um-  more  aeeurale- 
ly  velltvis  an  "•►pporUiniix  oisl  '  erih-rion.  rallier  ihan  a  ln^a'^nre  ol 
iosi  elianues  in  doin.u  r<'M'areh.  I'lu'  nni'^iaiit  dollar  t'mures  reporled 
liere  ilnis  slmiild  hi-  inierpn'icd  a-^  real  resourecs  inreuone  in  <  !ii^ai^- 
ni.u  in  K.\;»  raUier  ilian  in  oiher  aeiiviiies  sm  h  a'^  eonsmnpuon  or  pliysi- 
lal  invexinieiit.  Uroad-based  dellator^— Mudi  a>  die  i.UI'  dellalor— are. 
however,  qiiile  iiselul  in  approxiniaiin.u  chanues  in  am^'^ale  K\l> 
•••Ms  ( JaukoV'. ski  1993).  "Hiey  are  nndonhiedly  nnieh  ai)proi)riale 
ealailalin^  real  U.\l>  expeiulilure^  «u  a  more  di^au.^i'i'.UaU'ii  i»  \el. 
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♦  Federal  labs  are  aeecleratin)4  efforts  to  help 
industry  make  eonimercial  use  of  their 
researeh.  Over  I. ;")()()  cooperative*  a^nrments  have 
been  ne.u:otiat(»d  betw(»en  le(l(M*al  labs  and  indusliy 
since  l9tS7.  and  the  numbcM*  of  liccMisin.u:  a.ufreemeiUs 
has  more  than  doubl(»d.  Also,  (he  Nati(>n*s  lar^e 
weapons  labs  have  incorporalt^d  civilian  technoloiry 
iransltM*  activili(»s  into  tluMr  mission  .^oals. 

♦  Industiy  is  expmidin^  its  use  of  doinesde  research 
eollaboration*  Tlu*  nund^cM*  of  univ(M'sity-iiulusti7 
research  centers  has  .i^rown  rapidly  durinR:  the  past 
decade.  An  (estimated  1.058  centers  were  in  c^xistcMice 
in  1990.  Moi'e  than  ^^50  nuilti-rirm  cooperauv(»  n^search 
ventures,  including  K.^D  consortia,  have  been  regis- 
tered natioFiwidc*  since  UKSf). 

♦  Industry's  use  of  international  research  partner- 
ships is  expanding.  Tlu*  numi:)er  of  known  interna- 
tional multi-firni  \<i^\)  alliancc»s  irrew  from  about  1150 
in  tin*  197()s  to  almost  l.-lOO  in  tin*  l9S()s. 

♦  ITie  intemationaliziUion  of  industrial  KXD  aeti\i- 
ties  is  intensifying,  in  1991,  the  overseas  \<^\) 
investment  by  companies  was  (»quival(*nt  to  11 
percent  of  industiy's  domestic  K\I)  spending  com- 
|)are(l  to  i\  ptM'cent  in  1985.  In  1990,  foreign  c()mi)a- 
nies  accounted  for  an  amouiU  e'luivalent  to  15  j)er- 
cent  (majority-owned  forei.i^n  affiliates  for  11  percent) 
of  all  industrial  Kvv:i)  (»xj)(Mulitures  in  th(*  United 
Stales,  comparcul  lo  their  9-i)(M'cent  share  in  1985, 
Also,  about  one-half  of  the  -55  forei.i.m-owned  l^\l) 
facilities  in  the  rnited  Slates  in  1992  had  been  estab- 
lished (luring  the  previous  i)  years. 


eCjuivahMit  to  i)ercent  of  the  i(dal  I  .s  .i^ross  donu^stic 
])roduct  ((d)P).  The  absolute  nia.u:nitude  of  the  effort  and 
the  manifold  tasks  lo  which  it  is  directed  are  in(licativ(»  of 
the  critical  role  that  R\l)  plays  in  addressin.u  such  con- 
cerns as  national  defense,  industrial  competitiveness, 
public  health,  environmental  cjuality,  and  social  wcdl- 
bein.u:.  Indeed,  the  loii.u-lerm  importance  of  \<\\)  c»x|)en(li- 
tures  to  lechnolo.uical  i)reeminence,  militaiy  S(»curity. 
and  kn()wled}i[e  growth  is  axiomatic. 

There  is  wi(les])rea(l  a.u^reement  within  both  the  public 
and  private  sectors  that  this  national  investment  ne(*(ls  to 
be  more  closely  monitored  and  evaluated.  The  past  two 
decades  bore  witness  [o  truly  profound  chan.u:es  in  the 
economic,  political,  and  research  environmeivts  in  which 
science  and  technolo.t^v'  (nv  I')  policy  is  determined  and 
activities  are  conducted.  Coupled  with  substantial 
shifts  in  the  Nation's  overall  inflation-adjusted  luKrh  fund- 
in.ix  levels  (see  fi.uure  l-l),  there  have  been  vast  changes 
in  th(»  ()ru:anizational  and  institutional  aspects  of  research 
fundin.tr.  Industry,  ehallen.ued  by  the  competitive* 
dcMoands  of  an  increasingly  inte.uratc»d  .global  economy. 
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Figure  4-1. 

National  R&D  funding,  by  source 
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is  i-oiiiir  lliroii.uili  a  dilllcull  piM'iod  ol  n'sinu-liirin.u*  and 
thnvnsi/inK  in  whitii  \<\\)  acli\'ilirs  havr  U)  co\\\\)v\v  vig- 
orously widi  oUuT,  more  ^hnri-'a-rni,  roiiipaiiy  i)riorilit's. 
l  ilt'  iKV'd  lo  k'vcram'  srarcr  KWD  liiiids  has  bct'oiuc 
uiKiiu'slionjibly  appariMil,  and  iiidiisln's  dtort  U)  do  so  is 
iiuliciitrd  by  iiupP  -^ivc  .urowih  in  ils  rrscairh  parliior- 
'-liil)s  with  I'l'dcrai  and  ai'adciiiir  iiisliliilions  as  wi-ll  as 
w'wh  various  doiuc^'iic  and  inl<M*nali()iial  n)in|)elilors. 

Public  policy  i^  ai^o  in  a  pd'iod  ol  rai)id  t-vohilion  and 
I'lindainciUal  rrass("-snu'nl:  Tension  bcl\vo(Mi  die  dcsirr 
for  new  research  inilialives  and  the  need  for  si.miificaiil 
bud.UClaiT  cutback-  is  evident  Ihrou.irhoiit  .u:ov(M-nnient. 
PronouiUHMuenis  by  both  the  executive*  branch  and 
Con.uress  have  underscori^d  the  ur,^ency  of  seltin.u 
research  i)ri<)ritie-  and  n^visitinu  assuniplions  around 
which  national  Kv.i^  !uiulin.u  decisions  have  lonu  i)een 
guided.  As  bud.uel-^trapped  state  and  fe(l(M*al  aucncics 
each  stru.u.ude  with  ihc  conllictin.u  desire  to  do  luon — er 
at  least  bi^ttiM* — wiih  l(»ss.  the  situation  has  .uiven  I'isc*  to 
new  tornis  of  research  coordination  and  institutional 
arran.uenuMits  lor  inana.uin.tr  fundinLr  a.ir(Micies  ic.vl)  sup- 
|j(»rt.  On  top  ol  ihi-.  the  end  ol  the  Cold  War  olfers  an 
untold  host  of  opportunities  and  challen.tros  to  the 
Nation's  I  enter:)ris(\  Throu.trhoiit  tlie  U)S()s  and  into 
the  UniOs,  more  than  one-half  of  the  .uovernnieni  s— and 
one-quarter  of  the  Xa.tion  s — \<\\)  resourct^s  wv\v  devot- 
ed 10  (leleiTin.ii:  the  massive  mililaiy  threat  posed  by  the 
S()vi(M  Tnion.  With  the  fall  of  Sovi(M  Communism,  a 
major  task  facimr  the  Nation  is  to  shil't  these  resources  to 
aeiivilies  that  not  only  address  remainin.i^  current  and 


luture  defense  needs,  but  also  confront  the  international 
economic  challen.ues  at  the  lorelronl  of  donieslic  policy 
concerns. 

Chapter  Organization 

The  chapter  is  orirani/ed  inio  three  separate,  interre- 
lal(»d  parts.  The  first  i)art  describes  broad  i)atteriis 
amon.u:  icM^fundinix  and  -perforniin.u  seeiors — the 
I'Vderal  (lovernment.  iiulusiiT.  aca(l(»mia.  and  nonpr()ru 
iiislitutions.  The  character  of  these  activities — that  is, 
Vv'hetluM*  they  are  basic  research,  apijli(»d  research,  or 
develor/inent — also  is  discussed.  The  focus  of  the  cover- 
age is  on  current  expenditure  patterns,  allhou.trh  trend 
material  is  presented  on  I<\1)  activities  coverin.u  the  |)asl 
lo  years,  in  addition,  national  i^.^-l)  spendin.u  patterns  are 
analyzed  (1)  with  relerence  to  the  distribution  of  these 
activities  by  slate,  and  (2)  in  comparison  with  those  of 
other  major  l^.^l)-i)erl*ormin.u  countr'u^s. 

'Yhv  second  part  considers  the  federal  role  in  the 
national  effort  in  m()r(»  detail.  Transfers  of  federal  funds 
to  the  various  K.^-D^performiii.t:  sectors  are  detailed,  with 
specific  attention  .iriven  to  the  t'undin.u  a.uencies,  the 
Holds  of  research  funded,  and  the  various  socioeconomic 
objectiv(»s — includin.tr  defense  and  nondefense — support- 
ed. Patterns  of  I'.s.  Crovernment  support  are  com- 
|)ared  with  those  of  its  international  counKTparts. 
(iovernment's  defense-related  RtK.-l)  activities,  including 
defense  conversion  issues,  are  covered  in  some  detail. 
Other  topics  addn^ssed  are  chan.tres  in  the  structure  of 
lederal  KM)  support,  including'  ways  in  which  lederal 
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aj^cncics  pi'ovidc  sui)|)()n  lor  acadciiiic  ri'scaivh.  and  iis(' 
ol  inU»ra.U<*n(y  rross-cuiiintr  iiiilialiviN  in  i)ri()rilixinu  led- 

(TUl  KXI)  l»X|)(Ml(lillll\»S. 

Tlu»  concliKliiiK  pan  looks  al  ^.TowUi  o!'  iiuhisirial 
liiikajj:i'S.  Tlu'  iiidiisliT-U'ckM'al  ruiidiiijj:  rclalioiiships 
llial  were  iiilnKhioKl  in  ihc  first  uvo  pai'ls  ol  llic  chaplor 
arc*  funluT  d(»V(do|)(»(k  Parlicidar  allciilioii  is  ^'wru  lo 
K\l)  (»xp(MU.lilur(*  I)all(»nis  wiihiii  siuvilK*  iiKhislrics.  Dala 
ai*i»  provi(k»(l  on  k»(kM*al  iiiccMilivcs  in  place  lo  I'osum* 
indusiry  u\l)  tjrowili  incliri»clly — lor  i»xaiiiplo,  KXD  lax 
crcdils;  also  prcst'iilcd  aro  a  srrios  of  indicators  rolalod 
lo  llio  iranslVr  of  Icclinolo^ncs  dc^vcdopcd  in  U»dcral  labs 
lo  [\\c  privalo  strlor.  In  addition,  there  is  inattM'ial  docu- 
nienlinj^  indusliy  s  increased  reliance  on  nuilli-rirm  and 
nuilli-S(»cl()r  research  partnerships.  Topics  include  liie 
.Urowlli  of  unlv(Tsily-indusii7  research  ccMilers.  domestic 
res(»arch  consortia,  international  technolojj:y  a.uM'oe 
nienls.  and  flows  of  KvVI)  fnnds  niovin.tx  both  into  and  out 
of  the  rnit(Hl  States.  Similar  trends  for  otluM*  major  KXD- 
perforniinjj:  countries  are  identified. 

National  R&D  Spending  Patterns 

Durin.u"  llu»  UiSOs  and  early  PJDOs.  iiOi)ortant  broad 
slniclural  chanj^es  in  the*  condiicl  and  support  of  r.s. 
Kvv;i)  aclivilies  have  taken  shai)e.  Indiistn'  has  repkiced 
the  Fc'deral  (iovernmenl  as  the  Nation  s  lar^t'sl  source 
of  R.K:1)  support,  even  as  industr\' s  share  of  the  K\l)  i)er- 
formance  total  has  fallen  considerably.  State  and  iiidus- 
liT  fuiulin.^  of  university  res(^arch  has  ex|)ande(l  .greatly 
in  reco.ij:niiion  ol  the  contributions  of  such  research  to 
economic  d(»veloi)ni(Mil  and  commercial  com])elilive- 
ness.  Th(»  k)cus  of  knleral  R\l)  fundini^  also  is  shil'linjx. 
int)vin.ix  away  from  deUuise  and  toward  civilian  stralejxic 
concerns.  Tlu-se  changes  are  likely  lo  continue — and 
even  acc(derai(»— iii  the  lores(»eable  future.  An  under- 
slandin.u  of  ihr  pn^senl  situation  therefon'  provides  a 
framework  for  assessin,u:  hilurc^  s\  r  dev(doi)m(Miis.  In 
this  S(»olion.  national  \<.^\)  exi)en(liuire  trends  and  sivlor- 
s|)ecific  K\l)  funding  and  performance  i)allerns  are 
revu'wed.  Ilroad  chaii.t^es  in  K\l)  si)en(linM  .)aUerns  since 
the  early  eij^hlies  are  klenlificcK  and  recent  estimates  of 
the  Nation  s  \WA  K\l)  exi)cnditures  are  summarized. 
'Flu*  .uco^rraphic  distribution  of  the  Nation's  R.^D  activi- 
ties is  presented,  and  the  discussion  closes  with  a  com- 
parison of  the  nationwide  I'.s.  R\:l)  effort  to  those  of 
other  major  research-oriented  countries. 

Aggregate  Trends:  From  Growth  to  Leveling 

The  Nation  s  RX:1j  expenditures  rose  rai)idly  and  dra- 
matically from  the  mid-seventies  through  the  first  hall  of 
the  eighties,  dimbhig  from  about  872  billion  in  1975  (in 
constant  1987  dollars)  to  rnore  than  .^120  billion  in  UKSfS. 
(See  figure  4-lJ  Durin^j;  this  lO-year  period,  r.s.  \m) 
spending  grew  on  average  5,3  percent  annually,  and  the 
K.K-D/ODP  ratio  rose  from  2,2  to  2.8  percent.  Both  f(»(leral 
,9^"id  nonfederal  sectors  contributed  to  this  \m)  growth. 


Initially,  uiuch  of  the  period's  I'esearch  ex|)ansion  wa^ 
directed  towju'd  solutions  lo  (»nei'gy  i)robkMiis;  by  the 
early  eighties.  howevcM*.  tin*  focus  of  the  national  R\l) 
{»ffo!*t  had  shift(*(l  ovenvludmingly  toward  (lefens(»-relat- 
<»d — i)arliculaiiy  de\'t»loi)ment — activities. 

This  i)erio(l  of  rapid  \<S:\)  growth  was  relatively  short- 
lived. ShiggishiV'Ss  ill  the  economy  and  its  attendant 
negative  impact  on  i)ronts — i)rofits  out  of  which  comnuM'- 
eial  R\l)  projects  ar(»  normally  funded — slow(»d  private 
investment  in  RX  P  activiti(»s. '  P>udgetary  constraints 
imi)osed  on  virtually  all  fedcM'al  and  state*  government 
programs — as  w(dl  as  r(*pri()riti;^ati()n  of  such  pro- 
grams— hav(»  since  s(m*V(»(1  to  reduce*  R\l)  gains  from  the 
l)ublic  sector  as  wtdl'  The  conclusion  of  the  Cold  War, 
and  the  resultant  restructuring  and  drawdown  of  the 
Nation's  military  t(»chnological  base  has  already,  and 
likely  will  fuilh(»r.  affect  R^-D  fundir..^  choices.  As  a  result 
of  these  vari(»(l  influ(MiC(»s.  total  innation-adjusled  ('xpen- 
ditures  lor  R\l)  hav(»  hcvu  virtually  flat  since  1985. 
Moreover,  fueled  particularly  by  a  ix^duction  in  (kMenst* 
K'\l)  spending,  they  even  decliiu^d  in  1990  and  1991.' 
National  K\l)  growth  slowed  to  a  ().9-i)ercent  av(M*age 
annual  consianl  dollar  rale  of  increase  during  the  entire 
ir'8r)-9;5  ])eriod.  and  total  RM)  exi)en(litures  seem  to  have 
|)laleaued — at  least  temp{)rarily — at  about  SlliO  billion 
(constant  1987  dollars)  in  199!^:  The  Nation's  KX-D/C.DP 
ratio  edg(Kl  downward  to  an  estimatc^l  2.(>-percenl  share 
of  total.' 

R&D  Funders,  Total  funds  for  R\-l)  in  tlu^  I'nitc^d 
Slates  (SKU  billion  in  nominal  terms)  came  mainly  from 
tw{)  sources  in  VM\ — industiy  (at  an  esliniat(»d  52  |hm*- 


lluTc  -Avr  uiuhuibudly  nddilioiKil  i<*;imiiis  IxaoikI  irdiK'cd  sales 
,111(1  Dinfti  ('\|M't  i;iii{)ns  ilic  iricin  slouim^  iii  iiKliisirvs  kmi  cihu  i. 
I  he  (lit)p  in  mililary  U\\>  has  rcnainly  aihvu-d  nuvciiiiiu'nl  spt-ndiiu; 
.111(1  j/rol)al)l\'  iiidiisin  's  as  wrW.  liulccd,  Miiiie  iiidiisMT  olfK'i^ils  c'Wr  llu* 
dt'tliiic  in  icdcial  U\li  idiiirju'lim:  and  "iiiispi't  iiled  hnsiiicss  condi- 
lions"  as  ilu-  iiiaior  reasons  lor  llic  dei-eleralioii  in  ihcir  \<\\)  Unulini: 
tsKs  and  n^I;  l^i^L'a).  Ollu'ials  also  noU-  llial  increases  in  llu-  real 
fosi  ol\apiial  and  in  ihe  ninnlicr  ol  fin-poraU-  mergers  and  at(iuisi- 
lions  niav  linvt-  soniewhal  enrbed  UaM  .urowlh  rates,  llie  taller  poinl 
beinjr  refenllv  fonfinned  in  a  sliidy  by  l.on^  and  Ravcnscralt  (U)^)!.). 
riieir  findini:'";.  however,  dtj  noi  Mjppini  di(-  viev.-  dial  K^b  eulbacks — 
on  avrrai:*' — raKf^rd  a  dctdiiie  in  llie  resiriK  liired  eoni|)anies'  (n-erall 
et'ononiic  perlorniaiu'e:  Hiey  instead  iiole  only  llial  U\l)  ^peiuliiivi 
lends  lo  be  curtailed  in  a)iii|)aiiies  that  have  underwonc  a  leveraK'fd 
biiyonl. 

A  iveeiil  report  Ii'oin  the  National  /Vadeiiiy  ol  Seieiices.  .\aii(Hial 
Aradeiiiy  ol  K nkdneerini:.  and  liisliUite  ol  Medieiiie  (PJ^U)  iioled  thai 
KaD  Uindini:  abovi*  current  levels  is  not  necessarily  recjuired  to  iiiccl 
eurreiil  'societal  s.^  i  i:»»als.  d*lie  reporl's  authors,  who  reprc'^ent  some 
ol  ihe  NationV  loreiiiosl  scientists  and  eiiirinecrs.  obsei*\-e  ilial  polic\ 
(Kdjales  to<j  narrowly  focused  on  raisini:  absolute  aiiiouiils  can  bo 
connton)ro(iucuve.  and  dial  iikhv  atiention  should  l)o  u'von  to  clioos- 
iii.U  wliiidi  si'ii  nee  activities  are  sui)i)orle(l  uith  public  luiids. 

The  specific  cause  lor  a  S,")  billion  federal  \<\\i  luiidiiii?  drop  in  W\ 
is  unknown.  To  a  laru'o  cstoiU.  the  dodiiie  appears  lo  relied  reduced 
support  ironi  the  .Air  I'orce  and  Navy  to  industry  pd  loriiiers.  AbmU 
half  of  the  (Undine  was.  apparently,  the  result  (U  a  d(day  in  \<\\)  proiecl 
liindinii,  imt  a  perinaneiil  cutback  due  to  defense  downsi/iiiir. 

I'V)r  recent  sunininries  of  nati(mal  K\l)  futidiiiu  trends  and  shiits  in 
K\i)  policy,  see  e  nhen  and  Noll  M9<rn.  Movvery  and  Ko^enben; 
(lW3),and  Reid  (m:\). 
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Figure  4-2. 

National  R&O  expenditures:  1993 


By  source  of  funds  By  performing  sector  By  character  of  work 


NOTE;  FFRDC  =  federally  funded  research  and  development  center. 

See  appendix  lables  4-4.  4-5.  4-6.  and  4-7  ^oence  d  Enomeennq  Indicators  -  W93 


cciu  ol  loial)  and  \hv  Vr(\cv:\\  (iovcnmuMii  (12  pnvtMil  oi 
lolal).  The  ivmainiii.ir  lUMrcMil  caiiir  Ifoiu  univcM'silies 
and  cc)lk\uos,  stale  and  local  .i^overiiincnls.  and  nonpi-ofu 
insiiliilions.  (See  fit^ui-e  1-2.)  'The  inosl  feeeni  esliniales 
show  indusiry  supix)!*!  inereasinK  1  |)eiTenl  (eonslanl 
dollars)  Iroin  1992  lo  199!^  k-defal  sui)porl  risin.u: 
aboul  2  percenl.  and  siii)porl  from  olher  nonlederal 
sources  climbing  8  percenl.  ()v(M*all.  this  ecjuales  lo  less 
lhan  a  2-percenl  inflalion-adjusled  rale  of  increase.  (See 
appendix  lable  4-i>.) 

AllhouKh  mosl  of  indusliy's  and  acadeniia's  KV^D  siip- 
,uo  lo  performers  in  iheir  own  scclors.  ihis  is  nol  ihe 
case  wiih  ih.e  Fed(M-al  (ioveinmeiiK  I'\'deral  K.vD  expen- 
(lilures  reached  an  esliinaled  S(iS  billion  in         Of  ihis, 

♦  percenl  lunded  inclusiiy  and  affilialrd  federally 
funded  research  and  developnienl  cenlers  (I  l-Knc>);' 

♦  24  percenl  funded  federal  in-house  inlrainural  R.^D 
performance; 

♦  17  j)ercenl  went  lo  universilies  and  colle.u^es; 

♦  8  percenl  funded  I  TKDCs  adminislered  by  univei-si- 
lies;  and 

♦  5  percenl  was  for  inslilulions  in  the  nonprofit  sec- 
tor, includin.i^  l-I'KDC  S  adminislei-t^d  by  nonprofits. 
(See  text  lable  4-1.) 
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CiMTciil  cMiiiuUcs  tor  stair  iiovci  iiincii^"  in-h"nsr  K.U»  iwc  im  avail- 
able. Ill  siaii'  labs"  intramural  ijcrunniaiicc  icaclnMl  sif.;,  bilHtju 
(sKs  HUK)).  Thus,  iiatiunal  KM)  cxpt'iuliturrs  totaled  an  <'-;iinKU('(l 
Si:U.L*  billion  in  H'8S,  ratiu-r  than  tin-  si:"*.. 7  billion  r<-|)(HMc(l  in 
appendix  lable  l-^'-. 

The  esiimaies  ol"  \\m  liuuN  a^l-  iroin  sRs  {loi>:;d).  .Viditional 
foiHTasts  ol  iiulusiriai  R.vi)  expenditures  are  availai)le  iroin  P)atltdle 
i \\W>)  and  hi<lusinal  Krsrareh  Institute  i  I'.'tO). 

An  I I  KIK  is  an  orKani/aiiun  ext  lusively  or  -;ubsiantially  rinaneed  by 
die  Fedi-ral  (lovernnuMit  to  nieet  a  pai  ticiilar  re(|uirenu-nt  or  |)rovidi' 
major  laeiliues  lor  reseairh  and  assoeiaied  iraininir  iniri)oses.  Kaeh 
fcnler  is  adininisi»-re(l  by  an  industrial  firni.  an  individual  universitv-.  .i 
universilv  consorlia.  or  a  uonprofit  institution. 


Thr  W.\  sectoral  fundinu-  shares  for  the  Nation  differ 
somewhat  from  those  of  less  lhan  a  decade  earlier.  The 
mosl  notable  chan.tje  concerns  the  relative  roles  of  the 
Federal  (xovernment  and  i)rivate  industry.  For  example, 
the  federal  contribution  to  K\l)  fundin,u  levels  was  con- 
siderably hi.i^her  in  U)85,  when  it  accounted  for  a  4()-per- 
cent  share  of  total — 4  percenta.ije  points  more  than  the 
1993  share.'  In  contrast,  private  firms  have  slowly  in- 
creased dieir  relative  share  of  support  for  total  f.s.  \<Sd) 
activities,  risin.u:  from  49  percenl  of  the  1980^"  total,  to  ol 
IXTcent  of  the  1985  total,  and  to  a  current  r)2-percenl 
share.  This  industrial  support  includes  both  in-house 
KX.1>  and  fundin.u:  of  R\l)  in  other  sectors.  The  share  of 
R\i)  supi)ort  from  all  other  nonfederal  sectors  also  has 
risen,  from  a  ;]-i)ercent  share  of  total  in  1985  to  6  i)ercenl 
in  199o.  (Set^  appendix  table  \'\)  for  bac!vu:roiind  data.) 
(iiven  the  evolvinij  pattern  of  collaborative  research  amoni? 
the  various  i)erforminK^  sectors  (t'.escribed  throu,i^hout 
this  chn|)ter).  the  increased  diffusion  in  fundin^^ 
sources  is  a  trend  unlikely  to  be  reversed  in  the  near 
future. 

R&D  Performers,  At  an  estimated  8109.3  billion  in 
1993.  industiy  (exclusive  of  its  liffiliated  l-FRDCs)  remains 
the  lar.^est  |)erformer  of  R.^D  in  the  United  States,  im) 
performed  by  companies  accounted  for  (-58  percent  of  the 
national  R\I)  elTorl.''  (See  fi.G^urc  4-2.)  Aerospace  compa- 
nies accounted  for  about  one-fifth  of  industiy  s  perfor- 
mance total;  companies  in  the  chemicals,  computers. 


Indeed.  i!ic  icdcral  poni(m  (»t  the  t  k^u  suijptjri  total  has  lallen 
ralht-r  ^icadiiv  Miiee  UH)1.  when  it  accounied  tor  about  a  (i7-perceiU 
share. 

This  vsa*«  llrM  \  ear  sinee  sucii  statistics  had  bet-n  eolleeted  that 
induslrial  K'.vh  lundin^  sun^assed  thai  ol  the  Federal  (iovernmenL 

'Uw  lu  indusiiy  adminisUM-ed  l  l  KDCs  petlonnod  an  estimated  S2.7 
billion  ol  \<\[>  in  IW!'..  Tliey  received  Ihe  bulk  of  their  funding'  from 
I  he  Pcpartnirnt  ol  l)ctcnse  and  the  atoniie  ener^T  deiiMise  i)roi:ranis 
ol  the  Depannient  oi  Fnerk7- 
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coniinuiiicalion  rcjuipiiu'iu,  and  luolor  vchicU'S  iiulus- 
iricscach  accouiilcd  lor  aboul  iO  pcraMii. 

The  second  lartjesl  K^D-perioriuiiiK^  scclor  is  ihc 
Nalion  s  uiiiversilies  and  c()ll(\ii:es.  exclusive  of  universi- 
ty-a(iiiiifiisler(Kl  l-l  KDCs;  ihis  seclor  accouiUcd  lor  K)  per- 
cent (S21  billion)  of  ihe  I  ,s.  R^:l)  lolal.  I-\'deral  luiKlin.u 
l)r()vicl(»(l  for  an  eslinialed  55  |)ercenl  of  academic  K\l) 
activities  in  U)9'->;  this  was  down  from  a  {)8-i)ercent  feder- 
al share  in  HKSO. 

I  Vdernl  in-housc  K\i)  (exclusive  of  all  I  l-KDc's)  accounted 
Ibr  an  estimated  10  percent  {J>17  billion)  of  the  Nalion  s 
1993  K.v;i)  total.  This  federal  intramural  i)erformance  is 
down  2  percent  (in  constant  dollars)  from  estimated 
1992  levels. 

The  1993  numbers  for  all  industiy  rei)resent  a  2-per- 
cent ixain.  Tniversities'  i)erformance  growth  (an 
estimated  5  i)ercent  after  .general  inllation  is  taken  into 
account)  outi)ace(l  th.at  of  all  olluM*  sectors  in  199').  as  it 
.^^(Mierally  has  in  each  of  the  last  8  y(»ars. 

Rc^cent  changes  in  UM)  pcrwruHincc  i^alterns  have 
been  a^  pronounced  as  the  chan.txes  in  \\\c  fundiui^  struc- 
ture of  activities.  The  main  bencMlciaiy  of  the  rela- 
tive shifts  in  these  i)atterns  has  been  the  academic  si»c- 
lor,  Industiy  s  oS-jxTcent  share  of  the  Nations  1993  K\l) 
performance  total  rei)resents  just  a  sli.t^ht  decline  from 
its  ()9-perc(Mit  shar(^  of  the  1980  total,  but  is  substantially 
less  than  the  72-percent  p(M-lbrmance  share  held  as 
recently  as  1985.  About  2()  i)ercent  of  industry's  199:-) 
K.vl)  ptM'formance  was  llnanced  by  the  Federal  (lovern- 
nient  (see  text  tabh'  l-l).  mostly  b\'  the  l)ei)artment  of 
DefeuNe  (iu)i)).  The  heavy  (h'lHMulence  of  some  indus- 
tries on  a  (leclinin.ix  DOD  bud.trct  is  one  of  the  main  rea- 


sons for  lh(^  receiu  relative*  drop  in  this  sector's  perfor- 
mance share. - 

Tniversilies  and  collej^es  increased  their  portion  of 
the  u\l)  i)erformance  total  over  the  same  period,  rising 
from  9  i)tM*ceni  in  1985  to  their  present  13-|:)ercenl  share. 
This  .growth  in  \<^\)  performed  on  the  Nation  s  campuses 
benellted  from  steadily  proliferating  industry-university 
partnerships  with  both  federal  and  state  government 
funding.'-' 

The  \<isi\)  performance  of  federal  intramural  labs 
declined  slightly  from  an  11-percent  national  share  in 
1985  to  10  jXTcent  in  1993;  the  share  for  all  FFRDCs  was 
about  5  j)ercent  of  the  respective  1985  and  1993  totals. 
Consequently.  RX:l)  expenditures  in  all  federal  labs 
accounted  for  16  percent  of  the  national  total  in  1993, 
down  from  a  19-percent  share  in  1980  and  a  17-percent 
share  in  1985. 

Character  of  Work.  Although  the  var\dng  goals  of 
basic  and  ai)i)li(»(l  research  and  development  make  these 
activities  conceptually  distinct,  this  distinction  has,  in 
many  llelds.  become  somewhat  blurred.  Research  can  be 
directly  influenced  both  by  the  quest  for  fundamental 
knowledge  and  by  considerations  of  use — that  is,  som.e 
basic  research  is  not  driven  by  curiosity  alone,  but  is 
explicitly  undertaken  to  achieve  applied  goals  and  car- 


ItulusiiA-spccific  funding  doiails  for  domesilc  firms  are  prt'senied 
laUT  in  this  ohapici-  ("IndiistrN'-Ciovcrnmcni  Inioraciions").  Induslr\' 
t  (nn[)aris()ns  wiili  r.-^.  iiuornauonal  conipetilors  arc  summarized  in 
iliapUT  (). 

S(v  "liulusin-l'nivtM  siiy  Partnerships"  and  chapter  5  for  other  indi- 
^"ilnrs  of  ihesr  irriuls. 


Text  table  4-^1. 

National  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1993  (est.) 

Sources  of  R&D  funds 

Universities  Percent 

Federal              and         Nonprofit  distribution. 

R&D  performers                                    Total               Industry           Government        colleges^     institutions  performers 

 Millions  of  dollars  

Total                                                     160,750               83,550               68.000               6,000             3.200  100.0% 

Industry                                                 109.600               81,300               28,300                   —                 -  68.2 

Industry-administered  FFRDCs''    .                 2,700                    —                2.700                  —                —  1.7 

Federal  Government                                 16,600                    —               16,600                  —                —  10,3 

Universities  and  colleges                            20,550                1,500               11,400              6.000            1.650  12.8 

University-administered  FFRDCs".     ...         5.300                    —                5,300                  —                —  3.3 

Nonprofit  institutions                                     5.300                  750                3.000                  —            1,550  3.3 

Nonprofit-administered  FFRDCs'                       700                    —                  700                  —                —  0.4 

Percent  distnbulion.  sources.  100.0%  52.0°b  42.3%  3.7°o  2,0%  

—  =  unknov/n.  but  assumed  lo  be  negligible 

inciuacs  an  esumated  SI  35  bilhon  m  slate  and  iocai  government  funds  provided  lo  university  and  college  performers 

Pederally  funded  research  and  development  centers  (FFRDCs)  conduct  R&D  almost  exclusively  for  the  Federal  Government.  Expenditures  for  FFRDCs  are 
therefore  included  in  federal  R&D  support,  although  some  nonfederal  R&D  support  may  be  included  in  the  totals 

See  appendix  table  4-3  ^^'^^^^  ^  Engineering  Indicators  -  1993 
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Definitions 


Tl\e  National  Science  Foundation  uses  the  lollowin.!? 
definitions  in  its  resource  surveys. 

Basic  research:  Tlie  objective  ol"  basic  rt»search  is 
to  gain  more  complete  knowledge  or  understanding  of 
the  subject  under  study,  without  specific  applications 
in  mind.  In  industry,  basic  research  is  defined  as 
research  that  advances  scientitlc  knowledge  but  does 
not  have  specific  Immediate  commercial  objectives, 
although  it  may  be  in  tlelds  of  present  or  potential 
commercial  interest. 

Applied  research:  Applied  research  is  aimed  at 
gaining  knowledge  or  understanding  to  determine  the 
means  by  which  a  specific,  recognized  need  may  be 
met.  In  industry,  applied  research  includes  investiga- 
tions oriented  to  discovering  new  scientific  knowledge 
that  lias  specific  commercial  objectives  with  respect  to 
products,  processes,  or  services. 


Development:  Development  is  the  systematic  use 
of  the  knowledge  or  uiuUTSlanding  gained  from 
research  direct(»d  toward  th(*  production  of  useful 
materials,  devices,  systems,  or  methods,  including  the 
design  and  development  of  prototypes  and  processes. 

Budget  authority:  liudget  authority  is  the  authori- 
ty provided  by  federal  law  to  incur  financial  obligations 
that  will  result  in  outlays. 

Obligations:  l-\nleral  obligations  represent  the 
amounts  for  orders  placed,  contracts  awarded,  ser- 
vices received,  and  similar  transactions  during  a  given 
period,  regardless  of  when  the  funds  were  appropriat- 
ed or  payment  is  required. 

Outlays:  Federal  outlays  r(*preseni  the  amounts  for 
checks  issued  and  cash  payments  made  during  a  giv(Mi 
period,  regardless  of  when  the  funds  w(»re  aj)propriat- 
ed  or  obligated. 


ried  out  in  projects  that  have  strategic  objectives.  The 
>.vy  enterprise  is  replete  with  examples  of  scieiitilic 
advance  and  technological  innovation  attained  through 
the  blending  of  basic  and  applied  research  and  (experi- 
mental development  work  or  by  combining  the  knowl- 
(*dge  base  of  multiple  disciplines.  Ongoing  n^search  by 
Mansfield  (1993),  based  on  interviews  with  corporate 
(executives,  and  Narin  and  Stevens  (1993).  using  biblio- 
metric  data,  further  confirms  the  close  and  overiapping 
importance  of  academic — generally  basic — research  to 
industry's  aj)i)lied  tc»chnology  concerns/'*  nesi)ite  the 
indistinct  and  interrelated  aspects  of  the  traditional  char- 
acter of  work  categories  (see  "Definitions"),  examining 
the  distribution  of  the  Nation  s  total  investment 
among  these  categories  provides  an  indication  of  intend- 
ed sectoral  funding  priorities,  as  well  as  information  on 
changes  in  public  and  i)rivate  \<S:\)  strategies.'  * 

Development  continues  to  account  for  the  lion's  share 
— .^)9  percent— of  r.S.  K^'^D  funds.  An  estimated  2o  per- 
cent of  the  1993  \m)  total  was  for  applied  research:  the 
remaining  percent  was  basic  research.  Fach  of  the  see- 
tors  funds  and  i)ertbrms  basic  research,  ai^plied  I'eseairh. 
and  development  to  var\-ing  degrees.  Different  sectors, 
however,  dominate  in  these  K^U  work  categories: 


'The  iniporlaiu'c  ol  icM-aivh  ;in(i  rfluralioii  atMiviU("N  u»  ihc 
term  onniH'litivc  Mn-nelh  of  llu*  Nation  is  |)()iim'(ily  noU'd  in  a  ictcni 
special  report  by  the  National  Science  Board  ( \W2i\). 

Nor  has  this  traditional  taxonomy  lost  all  o!  ii*^  iiraciieal  n-lrvanei-. 
Accordinjr  lo  Link's  preliniinar\'  survey  tlndinj^s  (tortiicoininir).  Iirnis 
in  the  ehcmirals.  niachiner\'.  and  eUriric  and  electronic  equipment 
industries  report  that  the  caie.irorics  ol  basic  research,  applied 
research,  and  development  accurately  describe  ihc  <c()\)r  of  that 
O   j>  (1)  M'lMinanced  and  (2)  conducied  ihrouulumi  ilicir  indu^io. 


♦  In  1993.  iiulustiy — including  M  KDc  s  administered 
by  industrial  firms — |H*rformed  percent  and  hnid- 
ed  (>1  i)erc(MU  of  devclopvicnt.  The  Federal  (itivern- 
ment  lunded  most  (38  percent)  of  the  ivmainder. 

♦  Indusliy  perlbrmed  iM  |)erc(Mit  and  funded  .13  i)er- 
cent  of  the  applied  research  total.  Here  again,  the 
Federal  Crov(M'nment  funded  almost  all — !)9  ikm*- 
cent — of  the  rest. 

♦  The  academic  sc»ctor  performed  i\2  percent  of  all 
basic  research:  rniversiti(*s  and  colleges  accounted 
lor  51  percent  of  total,  and  tiieir  afdiiated  i  FRnc^  for 
11  |)ercent.  The  I'ederal  OovermiiciU  lunded  per- 
cent (d  the  Nation's  basic  research  total.  iSee  figure 

■I-:;.) 

Since  the  mid-eighties,  there  has  be(Mi  a  nolabh*  shift 
in  relative  emphasis  by  character  of  work.  These 
changes  are  indicative  of  the  broader  shifts  under  way  in 
the  sources  of  Kt^n  support  and  in  sectoral  funding  prior- 
ities. As  a  i^roportion  of  total  \<^\K 

♦  develoiMiient  has  declined  from  (i.!  percent  in  19<S5 
to  its  current  estimate  of  59  j)ercent. 

♦  applied  research  has  risen  from  22  to  25  i)ercent. 
and 

♦  basic  research  has  climbed  iVom  W)  to  an  esiiniate(i 
1()  percent.  (See  ai)pendix  tables  4-4.  4-5.      and  4-7.) 

State  Distribution  of  R&D  Spending 

Many  States  hav(^  pinned  their  hopes  for  economic 
development  and  pr()Si)erity  on  the  growth  of  scienco 
based  high-technology  industries.  In  doing  so.  they 
have  adopted  measures  designed  to  broaden  their  KM) 
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Figure  4-3. 

National  R&D  expenditures,  funders,  and  performers,  by  character  of  work:  1993 


Billions  of  constant  1987  dollars 

100  -  -   

R&D  expenditure  trends 

Development 


I    I  Federal  Government 
I    I  Industry 

I    I  Universities  and  colleges 
Other  nonprofit 


Source  of  funds 


Performing  sector 


NOTE  Funds  for  federally  funded  research  and  development 
center  performers  are  included  in  their  affiliated  sectors. 

See  appendix  tables  4-5.  4-6.  and  4-7 
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iiilrastrucluiT:  Ampk*  rvid^'ncr  su.ix.ixt^sls  thai  a  cfilical 
base  of  research  is  one  of  the  liindainenlal  requirements 
for  location  and  ^n'owih  of  hii^h-lech  industries  in  a 
reixion.'*"  Yel  the  current  .c:eop:raphic  distribution  of 
activities  stems  from  innumerable  past  public  and  pri- 
vate sector  choices  made  in  li^ht  of  multiple  economic 
and  scientific  factors  and  considerations,  not  all  of 
which  are  easily  amenable  to  chanp^e.  Absolute  levels  of 
R^\)  i)erformance  therefore  are  indicators  not  only  of  a 
state  s  current  capacity'  to  support  Svv;- l-based  economic 
development  but  also — to  a  certain  extent — of  a  state  s 
near-term  potential  to  build  on  its  s.<C:T  base.  This  discus- 
sion presents  summary  material  on  the  geoj^raphic  dis- 
tribution of  the  f.s.  domestic  k.v;:!)  effort.  The  analysis 


covers  state  K.^l)  concentration  k  vels — in  the  a.i^ijrc.^atc 
and  by  sector — and  indicators  of  the  research  intensit>' 
of  states'  economies  J" 

Top  10  States  and  Sector  Performance  Patterns. 

Half  of  the  S145  billion  spent  on  \m)  in  the  United  States 
in  1991  was  expended  in  six  States — California,  New 
York,  Michigan,  New  Jersey,  Massachusetts,  and  Teinv 
sylvania.  Moreover,  two-thirds  of  the  national  K.^l)  elfort 
was  performed  in  10  Slates — the  preceding  six  together 
with  Illinois,  Ohio,  Maryland,  and  Texas.  In  California 
alone,  $28  billion — or  20  percent  of  all  I'.S.  \m)  expendi- 
tures— were  spent;  expenditures  ranged  between  i^o  and 
Sll  billion  in  each  of  the  other  nine  leading  Slates.  (See 
appendix  table  4-8.)  In  contrast,  the  smallest  30  Slalt^s 
collectively  accounted  foi*  roughly  S20  billion  (or  less 


'■Tliis  section  presents  iiifoniunion  on  when^  \<\\y  is  p/flcniiicd  by 
ituIusHy,  acadeiiiia,  and  ft-deral  ai;('iuie>.  and  the  ledtTally  iiiiulcd  \<\\* 
aclivilies  of  instilulions  that  arc  pan  ot  the  nonprofit  sector.  Consistent 
data  on  tlie  siale  disiributitjn  (»t  iionlecUTal  expenditures  n^rd  bv 
nonprolll  inslilutions  are  nol  contpiled. 

'  12fi 


See  NSB  ( 1991).  chapter  \.  for  a  snrnman'  of  several  stale  ns:  i"  inilia- 
lives  in  the  eighties.  I'here  are  no  s\  sU-niaiicaiiy  eontpiled  and  pub- 
lished tabulations  available  on  stale  s\r  and  involvement  other 
tlmn  the  serie-^  eited  in  the  1991  lndicaU»s  voliinie.  For  further  discus- 
sion of  slates'  increasing  role  in  supportinix  the  Nations  s\ T  enterprise 
^  '",(1  on  the  ireneral  abseno-  (M  reliable  data  Km-  comparative  analvsis. 
^    "  Carnej^ie  Coniinissicm  ( 1992c). 
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than  IT)  ihtclmU)  of  \hv  U.^^D  coiuluclcd  nationwide'  in 
1991. 

Not  coincidcnlally.  niosi  oClIu'  Slates  that  aiv  nalionai 
leaders  in  lolal  \<S:\)  pei'lorniana'  also  rank  anion^^  the 
leadin.tr  sites  of  industrial  and  academic  HS:[)  perlor- 
nuince.  (See  ai)pendix  table  4-8.)  Of  the  10  States  that  led 
in  total  RiKrI). 

♦  all  Init  Maiyland  ranked  ainonj^  the  toj)  10  industrial 
performers,  its  position  bein.ir  held  by  Washinj^ton 
State; 

♦  all  but  New  Jersey  ranked  anions  the  top  10  aca- 
demic performers,  its  position  bein^  held  by  North 
Carolina, 

This  ^eok^raphic  concentration  is  not  new.  For  exam- 
ple, the  10  States  with  the  hij^hest  K.vcl)  performance 
totals  in  1991  were  also  the  top  10  R^rl)  performers  in 
1975,  althou.kdi  their  exact  rankin.ir  lias  shifted  somewhat 
over  time.  Between  1975  and  1991.  Texas  ex!)erienced 
the  J^reatest  {growth  in  perfornumce — a  .i^rowth 
undoubtedly  stemming  in  part  from  the  State  s  success 
in  attractinj?  such  hi.G:h-pn)file  research  undertakinp^s  as 
Sematech  (a  consortium  to  develop  manufacturing  tech- 
nologies), the  Microelectronics  and  Coniputer  Tech- 
noloj^v'  Corporation  consoinium,  and  the  Department  of 
Knergy  s  Superconducting^  Super  Collider.  Meanwhile, 
the  lar^^est  decline  in  RcK.!)  pertbrmance  share  was  report- 
ed for  New  York,  which  accounted  for  8.1  percent  of  the 
r.s.  total  in  1975.  and  7T  percent  by  1991:  however,  the 
increase  in  actual  dollars  spent  on  in-state  Rc^I)  activities 
was  greater  in  New  York  than  in  any  other  State  except 


Text  table  4-2. 

Share  of  U.S.  R&D,  by  state  in  which  the  R&D  Is 
performed 


1975 

1985 

1991 

-  Percent  - 

California  

18.6 

20.7 

19.5 

New  York  

8.1 

7.8 

7.1 

Michigan  

6.1 

5.9 

6.1 

New  Jersey  

5.0 

6.3 

6.0 

Massachusetts . 

4.9 

5.6 

5.9 

Pennsylvania  .  .  . 

5.5 

4.0 

5.2 

Texas   

3.0 

4.1 

4.6 

Illinois  

4.0 

3.9 

4.4 

Ohio  

...  4,4 

3.4 

4  1 

Maryland  

4.7 

4.6 

4.0 

Another'  

35.7 

33.7 

33.1 

'•'All  other"  includes  R&D  performed  in  the  40  states  not  listed  and  in 
the  District  of  Columbia,  and  R&D  that  could  r^.ot  be  allocated  to  a  spe- 
cific location  Individual  states  included  m  "all  other"  generally  account 
for  shares  of  2  percent  or  less. 

SOURCES  Science  Resources  Studies  Division  (SRSV  National 
Science  Foundation.  Geographic  Patterns.  R&D  m  the  United  States. 
NSF  89-317.  (Washington.  DC:  NSF.  1989);  and  SRS.  unpublished 
tabulations. 
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California.  iSce  l(.'Xt  table  4-2  and  >Ks  U)89.)  The  \<s,\) 
periorinance  shares  of  two  other  toj)  10  States — Ohio 
and  Pennsylvania — first  dii)pe(l  down,  and  then  in- 
ereased.  during?  the  1975-91  period,  hi  this  context,  it  is 
worth  notin.e  that  both  Slates  adopted  in  the  early  U)8()s 
what  are  now  nationally  renowned  s.v;''r  proj^rams — the 
Thomas  lulison  Proj?ram  in  Ohio  and  the  Ben  Franklin 
Partnership  Pro.^rain  in  Pennsylvania.  Both  projjrains 
were  orij^inally  founded  specitleally  to  stimulate  research 
and  innovative  activity. 

According  to  data  recently  coiupiWl  for  the  Carne^^ie 
Commission  on  Science.  Technolo^,  and  (iovernmenl 
(1992c),  Pennsylvania  bud.G:eted  more  for  its  tcchnolo^^y 
proj^rams  (>>32  million  in  fiscal  year  1991)  than  did  any 
other  Slate,  Appropriations  for  Ohio's  technolo^^y  pro- 
.i^rams  were  also  subslanl'al  in  1991  (819  million),  but 
were  slated  to  suffer  sevei'e  bud.cjet  cuts — about  50  per- 
^^enl— l)y  fiscal  year  1993.  l^stimated  1993  stale  technolo- 
jjjy  api)r()priati()ns  in  Texas  were,  at  830  million,  the 
larcfest  amonj^  all  reporlin^^  States.  In  j^eneral.  the  report 
concludes  that  state  S.v;:T  proj^rams  have  weathenxl  i*ec(»s- 
sion-driven  budget  cuts  rather  well,  especially  given  the 
fiscal  difficulties  facing  most  States  in  recent  years. 
Overall,  the  relative  stability  in  research  distribution  dur- 
ing the  last  decade  and  a  half  indicates  that  leading 
centers  are  not  easily  overtaken — (^specially  if  there  is  a 
concerted  effort  to  fortify  an  already  strong  s^KiT  base. 

R&D  Intensity  of  State  Economies,  just  as  the  ratio 
of  R^l)  expenditures  to  (;i)P  is  used  to  gauge  a  country's 
commitment  to  KS^D  and  measure  the  change  in  this 
commitment  over  time,  the  ratio  of  in-state  pertbr- 
mance to  gross  state  product  ((iSP)  can  be  used  to  measure 
the  research  intensity  of  a  state's  economic  activity.'" 
Moreover,  indicators  that  normalize  for  size  of  states' 
economies  tend  to  facilitate  more  meaningful  compar- 
isons l)etween  states.  For  the  United  States,  the  U.K:!)/ 
(;i)P  ratio  was  about  2,6  percent  in  1991.  Ten  States  and 
the  District  of  Columbia  obtained  R«K:D/(;si'  ratios  above 
this  national  average,  hiterestingly.  these  were  not  the 
same  10  Stales  that  accounted  for  the  largest  i)ercentage 
shares  of  the  r.s.  KS:\)  effort.  (See  figure  4-4.) 

The  largest  Kc^cD/rrSP  ratios  were  achieved  in  New- 
Mexico  (9  percent)  and  Delaware  (about  (3  percent).  Tlie 
high  research  intensity  of  New  Mexico's  economy 
stemmed  primarily  from  the  considerable  federal  sup- 
port provided  to  the  several  PFRDCs  located  in  the  State. 
Delaw?u-e*s  high  K.K:l)/r»SP  ratio  resulted  from  compara- 
tively large  in-State  research  efforts  of  the  chemicals 
induslr\'.  On  the  other  hand,  California  and  New  York 


"Hic  Bureau  ol  lA-oiKuiiic  Analysis  lias  prepared  (.sn  (lain  ihronK'h 
1989  and  is  in  iho  process  of  updating  the  data  throujrh  1991.  (.sp  data 
used  lierf-  were  e^li mated  based  on  annual  stale  changes  in  employee 
compensation  and  proprietors"  income.  See  Renshaw.  Trott.  and 
i-riedenberi:  (19SS)  lor  a  discussion  of  (hose  conipoiienls  of  economic 
aclivilv  that  comprise  the  osl'  totals. 
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Figure  4-4. 

R&D  performance  by  state  and  ratio  of 
R&D/gross  state  product:  1991 

Billions  of  dollars  {logarithmic  scale) 
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NOTE-  R&D  data  for  some  states  are  unavailable  or  estimated. 

See  appendix  table  4-9.         Science  &  Engineering  Indicators  -  1993 


led  the  Nation  in  absoliile  dollars  of  total  K.^D  i)rrlop 
mauLV,  but  ranked  no  hi.irhcM*  than  8th  and  Ifith,  respec- 
tively, in  t(»rins  of  their  economies'  R\i)  iiiteiisitx' — '\.7 
percent  and  '.L'2  i)ercent.  respectively.  There  were  roii.irh- 
ly  15  Stales  in  which  total  RvVI)  activity  was  less  than  SO. 5 
billion  in  1991  and  die  resultant  K<K:l)/(;si^  ratio  was  under 
1  pcrcenl. 


relative  siren.i^th  of  a  particular  country'^  h\\)  eiYort  is 
lurther  indicat(*d  by  (M)inparis()n  with  oiIum"  major  indus- 
triali/.ed  countries.  This  striion  provides  such  compar- 
isons of  international  K\i)  si)endint^  |)atterns.  Performer 
and  source*  ex|)enditure  i)attern^  are  contrasted  and 
trcMul  data  are  revi(»weci.  Tin*  trtMul^  show  that  f.s.  lead- 
ersiiii)  in  terms  of  its  ilnancial  investment  in  \<S:\)  vis-a-vis 
other  countri(*s  has  narrowed  considc»ral)ly  durinij:  the 
l)asi  two  decades,  but  that  mon*  rcrently  there  has  been 
a  worldwide  slowin.ir  in  the  .trrowih  of  such  funds.  While 
sectoral  l^VD  performance  i)altcrns  are  quite  similar 
across  coimtries,  national  sourcc»s  of  support  difftM*  con- 
siderabK".  Nonetheless,  i'orei.irn  sources  of  have 
been  increasin.i^  iu  practically  all  countrit^s. 

R&D  Funding  by  Source  and  Performer,  just  as 
the  pt»rfonnanc(»  of  l^.^D  activities  is  h(»avily  localized  in 
the  I'niied  States,  the  worldwide  distribution  of  l^!.^-!)  pcM*- 
lormance  is  heavily  concentrated  in  several  industrial- 
i/ed  natit)ns.-  Of  tin*  ai)i)roximately  s:',r)()  billion  in  \<\\) 
(expenditures  estimat(»d  for  Or.iranisation  for  Economic 
Co-operation  and  i)<n-(»lopment  (ol  <.  h)  countries,  90  |)er- 
cenl  is  exi)endcd  in  just  sevtMi.  '  Accounlin.ir  for  rou.irhly 
■V.)  i)erceni  of  the  industrial  worlds  investment  total, 
the  I'nited  Stales  conlinues  to  I'ar  outdistance  the 
research  investments  made  by  all  odier  countries.  Not 
only  did  the  rniled  Sial(»s  sikmuI  more  money  on 
activities  in  1991  than  did  any  other  countiy.  it  spent 
mort*  than  the  n(»xl  three  lar.trest  i)(»rformers — Japan, 
Ciermany,  and  I'* ranee — condDined.  -  The  oIa  D's  other 
three  lar.ire  KM)  performers  wert*  the  Tniled  Kin.iJ^doin. 
Italy,  and  Canada.  (Set*  a|)i)endix  table  l-Mri.) 

Thes(*  seven  countri(*s  art*  fairly  similar  in  t(M*ms  of 
U\l)  ptM'formance  by  sector;  their  soure<'S  of  national 
KM)  Uindin.ir  vary  somewhat.  Indmtry  was  the  leading 
KM)  pertormer  in  cnich  of  the  seven  countries,  with 
shares  reachin.i^  (i^^  percent  or  more  in  the  Cnil(»d  States, 
japan,  (lermany,  IT'ance.  and  the  I'nited  Kin.irdom.' 
{See  ll.irure  l-(>.)  In  Italy  and  Canada,  industiy  has  sli.trht- 
Iv  lower  shares,  but  still  accounts  for  more  than  one-half 


International  Comparisons  " 

Absolute  levels  of  expenditm-es  are  indicatt)rs  of 
the  breadth  and  scope  of  a  nation  s  s<V:  r  activities.  The 
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'X\\c  K.M>  (i;U;i  pivstiitcd  licrc  lor  the  major  iii(liisirinli/('(l  i"oiiiUrir>N 
arc  obtained  lioiii  n^poris  to  llir  Oi.uani^alioii  loi-  1-i'onoiiiif  C  croprra- 
lion  and  Devolopnu^nl  (oi-.U)).  wliich  is  llir  most  ri'linblo  M)iir(.c  u\ 
such  inlornaiionai  comparison^.  'I'ltr  I'niti'd  Nations  {■.dmaiional, 
ScicniilK-,  and  Cidliiral  Orijani/ation  UM.ho)  reports  tlu'  lew  i-sii- 
males  lor  devel()t)inj^  coiinirics  de  rived  from  systematie  i<,vl)  data  col- 
lection. There  is  a  fairly  hiidi  de.irri'e  of  consistency  in  Ihe  K.^U  data 
reported  by  i)lil»:  1  )iffereiices  in  iei)ortin.ti  i)raclices  l)('|we('ii  coun- 
tries are  estiniati'd  to  affect  the  KxdA.di'  ratios  by  no  more  than  (U 
j)ercenl  (M'l-  U)9;»).  Data  lor  comnrits  reponinu  lo  l  are  le^s 

comparable,  principally  because  of  differences  in  national  statistical 
i-ullection  capabilities  and  diMlnition^N.  i'or  a  summaiT  ol  t  \i  ^o)  and 
^    I)  data,  see  sKs  (1991). 


.Mlhouirh  M-vcra!  dtA'dopinu  coiinlri<'^  have  ur<'atly  <'Xpan(l<*d  tlu- 
U  vel  ol  national  resources  they  devote  l(»  civilian  it's<'arcii  elUu'ts.  Uu- 
overall  hnaiicial  impact  (d'  llic-ir  et'foi  ts  >mall  compared  with  those  ol 
the  larire  iiidiistriali/ed  countries.  I'or  example,  e^liiiiaied  1990 
expeiulitures  in  Siniraporo.  Taiwan.  South  Korea,  and  India  combiiu'd 
was  about  in  percent  of  the  i  .s.  KaD  total  (sKs  199:5c). 

Ksliinates  are  lor  1990:  M-e  (H  c  D  (19*):'ui),  Nole  that  those  esti- 
mates are  based  on  repork-cl  U\l>  iuvestiiieiils  converted  to  i  .>.  dollars 
with  purchasinj^'  power  parity  (l'"'»)  exchange  raii'S.  Ahhoimh  iM'Ps  are 
not  e(iuivalellt  to  lUU  eXchaUJie  rales  jht  se.  ihi-y  belle!'  relied  dlll<  r 
eiices  in  couniries'  lal)orai(ji"\'  I'osis  ihan  do  market  exchani^e  rales. 
See  'l^irchasinjLT  Power  Parities:  Preferred  Normali/er  ol  liilernational 
K.^1)  Dam.  " 

tiermaii  dala  are  lor  ihe  forniei-  West  (lermany  alnne.  and  do  noi 
include  K»vl>  exi)en(litiires  in  the  former  Kast  (iermany. 

'■■  s.  unals  are  reported  dilfcrenily  iu  ihis  seciion  ilian  ihey  ai  e  oIm- 
uhere  in  this  chapter  (sir  iKnire  -11).  \<\\)  perforinanee  by  1 1  KUt  s  is 
included  wiihin  the  administerim:  seclor.  rather  than  in  the  irovern- 
menl's  p("  rib  nuance  loials.  Also,  industrial  K.^D  linanced  irom  abroad 
are  reprn  ted  si  parateK  hen*,  rather  lhan  iui'lndi'd  in  ihe  indiisin-  iimd- 
iiu;  lolals. 
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Purchasing  Power  Parities: 
Preferred  Normalizer  of  International  R&D  Data 


Comparisons  ol"  inlernalional  statistics  on  R^l)  arc 
hampered  by  the  tact  that  countries'  R.^O  expenditures 
are  denominated,  obviously,  in  their  home  currencies, 
Two  approaches  are  commonly  used  to  normalize  the 
data  and  facilitate  a^gro^^nte  \m)  comparisons.  The 
first  method  is  to  divide  R.^l)  by  (;i)P,  which  results  in 
indicators  of  relative  effort  vis-a-vis  total  economic 
activity.  Tlie  second  method  is  to  convert  all  foreign- 
denominated  expenditures  to  a  single  currency,  which 
results  in  indicators  of  absolute  effort.  The  first  method 
is  a  straightfonvard  calculation,  but  enables  only  gross 
national  comparisons.  Tlie  second  permits  finer  inter- 
country  comparisons,  but  first  entails  choosing  an 
appropriate  currency  conversion  series. 

Since,  tor  all  practical  purposes,  there  are  no  widely 
accepted  R.K:i>specific  exchange  rales,  the  choice  is 
between  market  exchange  rales  (MKRs)  and  purchas- 
ing power  parities.  These  are  the  only  series  consis- 
tently compiled  and  available  for  a  large  number  of 
countries  over  an  extended  period  of  time. 

At  their  best,  MF.Rs  represent  the  relative  value  of 
currencies  for  goods  and  services  that  are  traded 
across  borders— that  is,  MKRs  measure  a  currency's 
relative  iniernadonal  buying  power.  But  because  siz- 
able portions  of  most  countries'  economies  do  not 
engage  in  international  activity,  and  because  major 
fiuctuations  in  MERs  greatly  reduce  their  statistical  util- 
ity,* an  alternative  currency  conversion  series — 
PPPs_has  been  developed  (Ward  1985).  ppps  take  into 
account  the  cost  differences  across  countries  of  buying 
a  similar  basket  of  goods  and  services  in  numerous 
expenditure  categories,  including  nontradables:  The 
PIT  basket  is  representative  of  total  gross  domestic 
product  across  countries.  W^ien  applied  to  current  RSiD 
expenditures  of  the  nation's  major  competitors— Japan 
and  Germany— the  result  is  the  same:  PPPs  result  in  a 
lower  estimate  of  total  research  spending  than  do 
MKRs,  as  shown  in  figure  4-5  (A).** 


PPPS  are  the  preferred  international  standard  for  cal- 
culating cross-country  R.^-I)  comparisons  and  are  used, 
for  example,  in  all  official  01-:CD  R&D  tabulations. 
Although  there  is  a  considerable  difference  in  what  is 
included  in  CDP-based  PPP  items  and  R&D  expenditure 
items,  the  major  components  of  R&I)  costs — fixed  assets 
and  the  wages  of  scientists,  engineers,  and  support  per- 
sonnel— are  more  suitable  to  a  domestic  converter  than 
to  one  based  on  foreign  trade  flows.  Exchange  rate 
movements  bear  little  relationship  to  changes  in  the 
cost  of  domestically  performed  R&D, 

This  point  is  clearly  displayed  in  figure  4-5  (B)  and 
(C),  When  annual  changes  In  Japan's  and  Germany's 
R&D  expenditures  are  converted  to  U.S.  dollars  with 
PPPs,  they  move  in  tandem  with  such  fimding  denomi- 
nated in  the  home  currencies.  Changes  in  dollar- 
denominated  R&D  expenditures  converted  with  market 
exchange  rates  exhibit  wild  fluctuations.  MER  calcula- 
tions indicate  that,  between  1980  and  1990,  German 
and  Japanese  R&D  expenditures  each  increased  in  four 
individual  years  by  30  percent  or  more.  In  actuality, 
nominal  R&D  growth  never  exceeded  30  percent  in 
either  country  during  this  period,  and  generally  was  in 
the  range  of  10  percent  per  year  or  less.  Additionally, 
MER  calculations  would  imply  that  Japan  s  R&D  expen- 
ditures declined  in  1982,  as  did  Germany's  in  1981, 
1984,  and  1989.  Yet  foreign-denominated  R&D  expendi- 
tures were  positive  in  each  of  those  years.  The  use  of 
MERs  here  is  obviously  inappropriate:  PPP  calculations 
result  in  positive  annual  R&D  expenditure  changes  con- 
siderably closer  to  the  countries'  actual  funding  pat- 
terns. 


*Mi:Us  i\rv  also  vuliuTablc  lo  a  niiiiibiT  of  disloriions— for  exam- 
ple, currency  speculation,  political  evenis  such  as  wars  or  boycous. 
and  official  currency  interveniion— tluil  have  litlle  or  nothing'  to  do 
with  changes  in  the  relaUve  prices  of  internationally  traded  ^oods. 

**Japans  K&D  in  1990  totaled       billion  based  on  IMMS  and 
billion  based  on  Mi-Ks.  German  K&D  was  S32  and  S42  billion,  respec- 
tively. U.S.  R&l)  was  S145  billion. 


J 


(jf  these  countries*  performance  totals.  The  industry  K&D 
performance  share  grew  most  rapidly  in  Japan — rising 
from  57  percent  of  total  in  1975  to  70  percent  in  1991.-'  In 
most  of  the  seven  countries,  the  academic  s^r^or  was  the 
next  largest  R&D  performer:-"'  Only  in  France  and  Italy 


was  government's  R&D  performance  (which  included 
that  in  several  nonprivalizcd  industries,  as  well  as  in 
some  sizable  government  labs)  larger  than  tiiat  of 
academia.  Government's  R&D  performance  share  was 
smallest  in  Japan  and  the  United  States. 


ERLC 


iViailed  and  nion-  cxiensivt-  data  can  be  found  in  sKs  (  UilU). 

Thv  national  totals  for  Kurope.  Canada,  and  japan  include  the 
ri'Sfarch  componen'  '»f  jr(MU'ral  university  funds  ((.i  i  block  j^'ranls) 
provided  by  all  levt^ls  ol  government  to  the  academic  sector. 
Therelore.  ai  least  conceptually,  the  totals  include  both  academia's 
-separately  budceied  research  and  that  undertaken  as  pan  of  universi- 
ties' (h  |)artinenial  l-  .U  activities,  hi  the  t  nited  Slates,  thr  Federal 
(iovernmenl  ut-neraiiv  do«*s  not  provide  nsearch  support  throuKh  a 


(.tc  ffiuivalent.  preferrinir  instead  lo  sui)port  specific  sei)aralely  bud- 
jreled  Hv^vD  projects.  (See  footnote  :U.)  On  the  other  hand,  a  fair  amount 
of  stale  Koveriunent  fuiidiiiu  probnbK  dors  sui)porl  dci)artmenlal 
research  at  public  universities  in  Ihe  t'nited  Slates.  Data  on  deparl- 
mental  research,  wliich  is  considered  an  integral  part  ol  inslruciional 
programs,  ^(ene rally  are  not  maintained  by  universities,  t  totals  may 
thus  be'  iinderesiimated  relative  to  the  effort  reported  for  other 
couniries. 
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Figure  4-5. 

Japanese  and  German  R&D  expenditures  and 
annual  changes  In  R&D,  at  market  exchange 
rates  and  by  PPPs 
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NOTES.  German  data  are  tor  the  former  West  Germany  only. 
MER  =  market  exchange  rate:  PPP  =  purchasing  power  parity. 
DM  =  deutsche  mark. 

Q     See  appendix  table  4-2         Science  A  Enqmeenna  Indicators  ■ 
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\ational  j^fH'cnnncnts  ami  /.'/rfz/s^n*  i)r()vi(ic  a  dominani 
proportion  ol"  c^'ich  couiHry  s  respcciivc^  \<Sc[)  luiuiinj^ 
totals.  Shares  lor  ihcsc*  sectors,  however,  differed  sub- 
slantially  from  one  eouiiln'  to  the  n(*xl.  Wliile  govern- 
nieiit  i)rovided  more  than  40  percent  of  U.K:I)  [\mds  in  the 
I'niled  States.  France,  Italy,  and  Canada,  il  was  the 
source  of  somewhat  less  funds  in  (Jermany  (H7  percent) 
and  the  Tniled  Kiiv^dom  {?)\)  j)ereenl).  and  considerably 
less  in  Japan  (19  percent).  (See  ll.irure  Industn'  pro* 
vided  a  share  of  \<^\^  funds  roughly  conii)arable  to  the 
j^overnment  contribution  in  all  countries  except  Japan 
and  dermany.  Private  firms  there  funded  7!)  and  (iO  per- 
cent, resi)ectively.  of  the  national  totals.  Foreign  fund- 
ing— predominately  Irom  industiT  for  \<^\)  j)erformed  by 
industn' — was  an  imi)ortant  funding  source  in  several 
countries.  (Trend  data  are  provided  in  "I'oreign  R&D  in 
the  United  States.")  The  funding  share  represented  by 
funds  from  abroad  rang(^(l  from  12  iXMVent  of  iIk^  Tnited 
Kingdom's  K^u  total  to  a  mere  O.l  p(M*cent  of  Japan's 
total.  In  the  I'nited  States,  almost  (i  perc(MU  of  funds 
si)enl  on  K\v:i)  in  \W0  came  from  majority-owned  foreign 
(Inns  investing  domestically:  This  was  up  considerably 
from  the  2-i)ercent  funrling  share  i)rovided  by  foreign 
firms  in  UKSO.  {Se(^  aj)pen(lix  table  4-!)7.) 

Total  and  Nondefense  R&D/GDP  Ratios.  k.K:I)  expen- 
ditures as  a  percentage  of  ODP  have  become  one  of  the 
most  widely  used  indicators  of  a  countiy's  commitment 
to  scientific  knowledge  growth  and  technology  develop- 
ment. France,  (iermany.  Japan,  the  l-nitecl  Kingdom,  and 
the  United  States  each  maintained  an  Koc-D/CDP  ratio  of 
betwHvn  2  and    p(Mvent  throughout  the  U)8()s.  In  1991. 
the  ratios  for  these  countries  were  2.1.  2.8.       2.1.  and 
2.(^  |)ercent.  respectively.-"'  (In  Italy  and  Canada,  this  ratio 
has  changed  from  about  1  percent  to  1. 1  percent  over  the 
past  10  y(^ars.)  F\)r  most  of  lh(^s(^  countri(*s.  this  nu^asun* 
of  their  economy's  research  intensity  cTnubed  rather 
rapidly  from  the  mid-seventies  through  the  mid-eighties 
before  settling  at  their  peak  levels.  Indexed,  for  several 
countries — including  the  United  States.  United  Kingdom, 
and  (iermany — the  K^D/ciDP  ratio  has  drifted  downward 
since  the  late  eighties,  liven  in  Japan,  which  experienced 
the  most  rapid  and  unabated  K.X:n  growlh  during  the  pa^t 
iv.-o  decades,  this  ratio  dropi)ed  slightly  in  1991,  from  3.1 
percent  in  1990  to  ixO  perc(Mit  of  total.  Moreover,  there 
are  indications  of  a  further  \<S,'.U  slowdown  since  then 
(Swinbanks  1993).  With  the  exception  of  (iermany,  annu- 
al rates  of  [<S:D  spending  growlh  in  all  the  countries  since 
19S5  is  less  than  those  reported  for  the  previous  5  years. 
(See  appendix  table  t-ij.*).)  Although  cuts  in  defense  RX:l) 
certainly  were  a  contributing  factor — particularly  in 
the  United  States  and  I'nited  Kingdom — the  main 
cause  of  the  overall  \m)  spending  slowdown  in  most  of 
these  induslriali/ed  countries  was  that  industry-financed 
KSci)  Stagnated,  and  in  some  cases  even  declined. 


-'U\v  UU'I  K.^l>/wl>r  ratio  lor  unilu'd  (icrniaiiy  was  2.(>  pfra-nl. 
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Figure  4-6. 

R&D  expenditures,  by  country,  source,  and  performer:  1991 
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NOTES:  German  data  are  for  ttie  former  West  Germany  only.  Foreign  performers  are  included  in  ttie  "industry"  and  "ottier  domestic  '  sectors. 
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The  abovo  comparisons  arc  of  lr(»n(ls  in  total  R.^I) 
^I)en(lin^^  \Vl,  with  ihc  vm\  of  the  Cold  War  and  the 
recent  policy  focus  on  economic  competitiveness  and 
commercialization  of  res(^arch  rc^sults,  probably  a  more 
relevant  indicator  of  a  nation's  scientific  and  technoloj^i- 
cal  strenp:th  is  the  ratio  of  nondefense  Kc^I)  expenditures 
to  This  is  not  to  say  that  defense-related  Kc^D  does 
not  benefit  the  commercial  sector:  'Iliere  unquestionably 
have  been  technolo^^ical  spillovers  from  defense  to  the 
civilian  sector.  But  almost  as  certainly,  the  benefits  are 
less  than  if  these  same  resources  had  been  allocated 
directly  to  commercial  R.W  activities.  Moreover,  consid- 
erable anecdotal  evidence  indicates  that  the  technolop:i- 
cal  flow  is  now  more  commonly  from  commercial  mar- 
kets to  defense  applications,  rather  than  the  reverse. 

hUercountry  comparisons  of  Rt^D  expenditures  change 
dramatically  when  defense-related  expenditures  are 
excluded.  The  nondefense  Rc^D/ODP  ratio  in  both  Japan 
CIO  percent)  and  (Germany  (27  percent)  considerably 
exceeded  that  of  the  United  States  (1.9  percent)  in  1991, 
and  have  done  so  for  more  than  two  decades.  (See  fij^ure 
4-7  and  appendix  table  4-'M\)  T]^c  nondefense  R.^D  ratio 
of  France  matched  that  of  the  United  States;  those  of  the 
United  Kingdom  (1.7  percent),  Canada  (1.4  percent), 
and  Italy  (1.3  percent)  were  somewhat  lower. 
^       In  absolute  dollar  terms,  the  U.S.  international  position 
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was  markedly  different — and  comparatively  more  favor- 
able—than that  indicated  by  the  nondefense  K.^-D/c.DP 
ratios.  Between  1980  and  1990,  i^rowth  in  I'.s.  nonde- 
fense R.^D  spendinp^  was  rather  similar  to  that  in  other 
industrial  countries,  save  for  Japan,  whose  nondefense 
H^D  expenditure  growth  was  notably  faster  than  in  the 
United  States.  Thus,  as  a  percentage  of  the  U.S.  nonde- 
fense Re^'D  total,  comparable  Japanese  spending  jumped 
from  44  percent  in  1980  to  62  percent  in  1990.  (See  fig- 
ure 4-8.)  Japanese  nondefense  Rc^I)  reached  $59  billion 
(in  constant  1987  dollars),  compared  with  the  S94  billion 
r.S.  nondefense  R^D  total,  (iermany  annually  spent  an 
amount  equal  to  28  to  30  percent  of  t*.s.  spending  during 
the  10-year  period,  while  France  annually  spent  an 
amount  equivalent  to  16  to  17  i}ercent  of  the  I'.S.  nonde- 
fense R&l)  total.  In  1989,  the  combined  nondefense  H^D 
spending  in  these  three  countries  surpassed  that  in  the 
United  Slates;  it  is  now  higher  still. 

Federal  Support  for  R&D 

Federal  support  for  the  Nation  s  scientific  and  techno- 
logical base  is  in  a  period  of  flux  and  re-examination. 
With  the  close  of  the  Cold  War  and  the  arrival  of  a  new 
administradon,  public  debate  has  focused  on  how  best 
to  re-orient  the  federal  effort  awav  from  traditional— 
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Figure  4-7. 

R&D  as  a  percentage  of  GDP,  by  country 
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Note:  German  data  are  for  the  former  West  Germany  only. 
See  appendix  tables  4-35  and  4-36. 
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Figure  4-8. 

Nondefense  R&D:  Foreign  spending  as 
a  percentage  of  U.S.  spending 
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NOTES:  Three-country  total  is  for  Japan,  Germany,  and  France. 
German  data  are  for  the  former  West  Germany  only. 

Q      See  appendix  table  4-36.      Science  &  Engineering  Indicators  - 1 993 
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primarily  dcfensc-relaled — Scv;:'!'  concerns  and  toward 
more  commercial  lechnolo^ry  sui)porl.  Although  these 
are  not  new  concepts,  (l(^t"ense  conversion,  dual-use 
technoioi^y.  technolot?>'  transfer,  and  research  partner- 
iiave  become  an  inte^e^ral  i)art  of  the  current  Rv^D 
nomenclature  to  an  <*xtent  that  would  have  been 
unimajxinable  10  years  earlier.  Federal  decisions  have  a 
major  impact  on  the  Nation  s  militaiy  and  cotiimercial 
ScK:  r  base  and  on  its  i^lobal  technolo^rical  leadership. 
With  the  level  of  direct  federal  funding  now  sur- 
passing S70  billion  annually,  the  specific  purposes  to 
which  these  funds  are  bein^^  applic^d,  the  mechanisms 
by  which  they  are  allocated,  and  the  effectiveness  of 
the  projects  they  support  are  subjects  of  great  interest. 

This  section  examines  the  role  and  extent  of  direct 
federal  U.^I)  funding.  It  begins  by  defining  aspects  and 
patterns  of  that  support— socioeconomic  objectives, 
research  disciplmes.  character  of  work,  agency,  per- 
former (including  federal  labs),  and  the  recent  focus  on 
federal  interagency  initiatives.  Specific  K.Kil)  funding 
issues  that  have  major  defense-related  relevance  are 
described,  including  trends  in  DOD's  K.^D  expenditures 
and  the  govc^rnment-wide  program  in  support  of  defense 
conversions  activities. 

Federal  Focus  by  National  Objective 

The  Berlin  Wall  came  down  on  September  11.  1989,  and 
2  years  later— in  December  1991— Communism  in  the  for- 
mer Soviet  Imion  was  replaced  with  dawning  democracy. 
With  these  two  events,  the  debate  surrounding 


132 


102  ♦ 


Chaptei  4  Research  &  Development.  Financial  Resources  and  Institutional  Linkaqes 


I  .s.  scuMKV  and  tccliiioloj^y  |)()licy  in  llu'  nineties  was 
irreversibly  redefined.  The  i^olicy  Ibeus  has  since  be.^iin 
lo  shift  from  military  lechn(il()j^ical  sui)eri()rity  toward 
fe(l(M*al  inilialiv(»s  desijxru'<l  to  help  reeapti!!*e  kdobal  eoni- 
m(»rcial  i)rinuicy.-'  Tiu»se  changes  in  national  policy 
obj(*cliv(*s  are  mirrored  by  chanjifes  in  the  functional 
locus  of  federal  K.Vrl)  suj^porl.  as  indicated  in  fedei'al 
s|)eiKlin.u  (locitnients. 

Funding  Trends,  In^leral  U.Vh  fundin.^^  !)ri()rities  shift- 
ed overwhelmingly  toward  defense  j)ro}.,n*aiiis  in  the 
UKSOs;  these  included  both  l)ei)arlnient  of  Defense  pro- 
.urams  and  nuclear  weapons  research  funded  by  the 
Department  of  Hner^^y  (DOi:)^''  Delense  K.<:1)  si)eiKlinjj: 
I)eakecl  in  1987  at  S39  billion,  whvn  it  accounted  for 
I)(»rcent  of  the  lederal  \<S:{)  total.  The  only  other  function 
to  (»X|)erienc(»  substantial  inllation-adjusted  l^.^l)  fundin.ix 
.t^rewth  duriivu  tlu»  ei.uhties  was  health,  particularly  the 
j)roi^ranis  of  tlu*  l)ei)ail!uent  i)(  H(»alth  and  Human 
Services  (IIHn).  iHUulin.tX  lor  spa'V.  enerjj:>\  and  a  variety 
of  smalkM*  \<\\)  bud.i^etary  cate.i^ories  held  constant  at 
I9(S()  levels  or  was  reduced.  Fundin.^  for  i^eneral  science 
res(^arch  inched  u|)ward. 

In  the  late  (Mt^hties.  howevtM*.  the  data  rellect  a  distinct 
d(*-emi)hasis  on  defense  i)!i()rities  and  substantial  ^nowth 
in  health  research— much  of  it  AU)S-related — and  s|)ace 
research — i)rimarily  for  S|)ace  Station  Freedom.-' 
Fneri»y  si)(Mi(lin.u  held  fairly  steady.  althout>h  its  empha- 
sis shifted  from  nuclear  tcrhnolouies  lo  coal  research. 

1994  Funding  Patterns.  The  current  administration 
has  stated  (Clinton  and  Ciore  UH-i)  its  intent  to  shift  the 
focus  of  federal  i^Vrl)  support  back  to  an  even  militaty- 
civilian  split  by  1998.  As  of  this  writin.^.  how(wr.  it  has 
had  the  opportunity  to  submit  only  one  bud.uet  proi)()sal 
from  which  specific  s^-  T  priorities  mi^^ht  be  discerned.  " 


Of  oniric,  the  t  iiilcd  Stales  i>  iu>l  llic  only  couiilO'  Un-  which  ihc 
end  ol*  llu'  Cold  War  iiilrodiici'd  major  ohan^cs  in  the  nali(inal  s\  1 
laiulsoapc.  Uciinincalion  has  prod-iccd  a  host  of  proljliMiis  and  opponii- 
iiilics  as  I'^asi  and  West  (Irrniains*  s.v  i  ciforts  arc  intcj^raicd  into  a  ^m- 

united  (Icrniaii  system.  (Meyer- Kraluner  liH)!!).  and  defense  con- 
version issue's  ar<'  extremely  imporlanl  to  the  economic  resiriiclurini: 
of  the  former  soviet  Inion  (\\s  WA). 

'Hie  Office  ol  Manairemenl  and  Ijitduel  dassilles  all  aeliviiies  uiihiii 
the  lederal  bndirel  inio  20  functional  calei^ories.  'Hiere  arc  lb  "functions" 
that  contain  lederal  1<\I>  proj^Tams.  l  or  delinilions  and  details,  sic  srs 
(UH)3b).  llie  adniinisiratioM  recently  announced  lis  inieniion  to  i^roui) 
Irderal  K\l)  ex|)endiiures  dala  iiilo  10  mulually  exclusiv.'  cateuories  ihat 
will  assist  in  policy  and  budj^el  decisionmakinjT.  Tlie  <  )lfice  ot  Science 
and  Teclinolojrv-  Policy  and  Oltlce  of  Manatreiiienl  and  Miidiiel  have  pro- 
I)()sed  f:r<>u|)in«  K.\  n  data  by  tlieir  relevance  lo  ihe  following  national  v.  I 
priority  concerns:  manulacturine.  (*onuminicalions  and  iiifornKilion.  nat- 
ural resources  and  the  environment,  education  and  trainin.i^.  transporta- 
tion, national  security.  enertr\*  supply  and  demand,  food  and  fiber  |)ro- 
ductioti.  health,  and  a  W\\\  caireoiy  labeled  -'other  l^\l)"  ;hal  would 
include  KM)  ae^ivi^ie^  not  capuu'cd  in  the  llrsi  nine  cate.uories. 

•'FuiuHnjT  for  the  Space  Sialion  rose  from  j?22  million  in  \W,  the 
llrst  vear  for  which  this  pro^n-am  r<'ceived  a  separate  l)udi:ei  line  ileni. 
loSUf)  billion  in  IWO.  (See  A.V\^.  annual  rei)()ils.) 

•'The  data  reporied  here  rellect  estimates  tor  K\l)  proj^rams  con- 
tained in  the  adminisu-ations        bud.i^et  proposal  which  was  submit- 
ted to  Conjiress  in  April  UHKi  (n\ii5  n)93).  'llie  amounts  do  not  relleci 
Q     congressional  anih(n-izaiion.  aj)proprialion.  deferral,  and  apporii(jn- 
I  J      nienl  actions  that  were  compleied  after  these  data  were  collected. 


Figure  4-9. 

Federal  R&D  funding,  by  budget  function 
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NOTE:  "Other"  includes  all  nondefanse  functions  not  separately  graphed, 
such  as  agriculture  anci  transportation. 

See  appendix  table  4-26.        Science  &  Engineering  Indicators  -  1993 

As  shown  in  fii^aiiv  14).  national  defense — includinix  DOD 
and  Dov:  funds — remains  the  single  largest  focus  of  the 
I)i-()posed  1994  federal  U.^l)  effort,  accounting:  for  59  i^er- 
cent  of  total,  as  it  did  the  2  |)revious  years.  However,  as 
was  the  case  with  1993  fundinti:,  much  of  the  DOl)  monies 
would  be  devoted  to  defensewide  initiatives,  including: 
dual-use  technoloj^ies  (see  "DOD  Research.  Developinenl. 
Test,  and  [{valuation").  Similarly,  within  DOK  s  atomic  ener- 
jry  defense  budp^et,  technol().ixy  transfer  activities  from 
weapons  labs  to  industry  is  one  of  the  few  growth  areas. 

The  folio win^r  live  functions  account  for  91  percent  of 
(Estimated  1994  KX:l)  federal  budget  authority: 

♦  national  defense — 59  percent,  including  DOl)  and 
DOK  funds; 

♦  health — 15  j)ercent.  which  is  roughly  comparable  lo 
the  percentage  of  nonfederal  l^^'l)  support  that  is 
health-related  (see  "Health:  llie  (Growing  Focus  of 
National  R&D  Support"); 

♦  space  research — 9  percent; 

♦  general  science — 4  percent;  and 
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Figure  4-10, 

Federal  R&D  funds,  by  budget  function:  1994 
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See  appendix  tables  4-26  and  4-27. 
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♦  (MU'rk7— 4  pcrcfiu.  (Sc^e  fiKiiro  1-10,) 

Two  oilier  funclional  areas  ol  federal  concern  each 
account  tor  2  percent  of  \m)  budK'el  authority:  (1)  trans- 
portation and  (2)  natural  resources  and  the  environment. 
Knvironmcntal  research,  in  particular,  has  been  identified 
as  an  area  of  specific  government  interest  that  is  likely  to 
I'eceive  increased  fundinjz  from  the  present  administra- 
tion.The  larj^est  single  percenta.tTe  increase  for  1994 
was  provided  in  the  Commerce  and  Housing  Credit 
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•AvailabU'  statistics  (»n  such  funding,  howt^ver.  tend  not  to  capture 
the  full  cxlenl  of  these  f  nviroiunenlally-rdatcd  R.vD  activities.  P>asc(l  on 
the  proj^ranunatic  budKelarv*  cUissifiealions  used  in  this  section.  Si. 8 
billion  was  slated  for  nauiral  resource^  and  the  euvironmeiu  in  fiscal 
year  1991.  Official  budget  documents  (OMB  199:^>)— not  constrained  by 
ibrntal  classification  schemes— reported  an  cnvironinciUal  \m)  invest- 
nienl  of  more  than  s:i  billion  in  1994.  wliich  included  Sl.f)  billion  for  the 
t  .s.  (ilobal  Change  Roearch  Program.  TsinK  a  comprehensive  review 
of  fo(l(Tal  expenditures,  (irami).  Teich.  and  Nelson  (1992)  identified  a 
Sl.f)  billion  portfolio  for  environmental  in  fiscal  year  1992.  encom- 
passing hundreds  of  proKranis  at  more  than  20  agencies. 'llie  1992  total 
is  ab(mt  9  percent  higher  than  the  estimated  S3.7  billion  budgeted  in 
1990.  and  excludes  an  e>iinaated  $0.7  billioii  devoted  to  environmental 
health  KtVl).  and  $0.(^  billion  e()unlly  divitled  between  space-related  enyi- 
r|  onmenlal  sciences  and  administrative /oveiiiead  costs,  l-or  further  dis- 
ussion  on  this  topic,  sec  Carnegie  Commission  ( 1992a) . 


lunciion — jii!ni)ink^  7.')  percent  over  199!^ — under  which 
is  included  Ucvl)  supi)orl  at  the  National  Institute  for 
Standards  and  TechnoloK^'  (NIsT):  The  estimated  S3cS() 
million  Nisr  total  compii^^^^  ')(^th  its  intramural 
research  i)rot|ram  and  exirnnniral  Advanced  Tech- 
nolo^y  Pr()uram  sui)|)orl  lor  precompetitive  ^^eneric 
technologies, 

The  funclional  distribution  of  basic  research  fund- 
in^i:  differs  Irom  that  ol  the  K^:l)  total  In  1994,  health  is 
slated  to  i'eceive  the  sin.u:k^  lar^Jiesl  share  (40  iXTcent)  of  the 
federal  basic  research  total,  (ieneral  science — which  here 
includes  funding!  for  the  National  Science  Foundation 
(NSK)  and  for  the  research  |)arl  of  DOH  s  now  canceled 
Superconduclinjz  Super  Collider— accounts  for  20  per- 
cent of  estimated  federal  basic  research  authoriza- 
tions. This  i)roportion  is  down  from  the  24-peiTenl 
share  it  received  in  1980,  National  defense  basic 
n-search  accotmls  for  about  9  percent  of  the  1994  basic 
resc^arch  total — somewhat  less  than  its  12-percent 
share  in  1980, 

International  Comparisons.  ~  Countries"  relative 
shares  of  government  R.^i)  appropriations  reflect  mai'ked 
differences  in  national  priorities.  In  the  United  States,  59 
l)ercent  of  the  1992  federal  R.^l)  investment  was  devoted 
to  national  defense,  compared  to  46  percent  in  the 
United  Kin^^dom.  ?)7  i)ercent  in  France,  11  percent  in 
(lermany,  7  perceia  oach  in  Italy  and  Canada,  and  6  per- 
cent in  Japan.  (See  figure  4-12.)  The  I'.s.  Government 
also  emphasizes  health-related  H.^l)  (13  percent  of 
total);  this  emphasis  was  especially  notable  in  its  KS:\) 
support  for  life  sciences  ^^iven  to  academic  and  similar 
institutions.'' 


-Data  on  the  socioeconomic  obieetives  of  K\|)  funding:  are  rarely 
obtained  bv  ^iH'cial  surveys,  but  rather  are  ^renerally  extracted  in  some 
way  from  nalicmal  budgets.  Since  these  budt(ets  already  have  their 
own  methodoloij>'  and  tenninolotr)'.  these  \<\[)  lundinK  data  are  subject 
to  comparability  coi».straiiits  not  |)lace(l  on  other  tyjx*s  of  international 
K\l)  data  sets.  Notably,  althou^di  each  counir\'  adheres  to  the  saine  cri- 
teria lor  distributing  their  \<S;U  by  objective  (as  outlined  in  oi-c  H  1981). 
the  actual  classification  may  differ  amoiiK  countries  because  of  differ- 
ences in  the  primary  objective  of  the  various  fundinK  a^'eiUs.  Note  also 
that  these  data  are  of  RovernmeiU  K.^D  funds  only,  which  account  for 
widely  divergent  shares  and  absolute  amounts  of  each  country's  KX:I) 
total.  The  classification  of  the  f.s.  totals  presented  here  are  K^Mierally 
consistent  with  those  jjresenled  i)reviously  in  this  chapter. 

■'Tor  detailed  comparisons — by  field  of  science — of  govern  men  I 
(national,  state,  and  local)  funding  of  (1)  academic  research  (inciudiiiK 
for  separately  budgeted  research  and  research  su|)ported  out  of  gener- 
al university  funds)  and  (2)  academically  'elated  research  (sucli  as 
that  of  university-administered  l-l-klKs  and  the  National  Institutes  ol 
Heah.h  intramural  program)  in  the  United  States.  United  Kiitpdom. 
Netherlands,  France,  (iermany.  and  Ja|)an.  see  Irvine.  Martin,  and 
Isard  (1990).  I'or  lurther  comparisons  with  Canada  and  Australia,  see 
Martin  and  Itvine  (1992). 

Indicator^  lor  19S7  show,  lor  exami)le.  that  all  of  these  countries 
emphasized  the  life  sciences  in  this  ^'overniTient-supported  research 
{\)\  percent  or  more  of  total),  with  the  I'nited  Stales  devoting  a  particu- 
larly larpe  share  (49  percent)  of  its  academic  and  related  supi)ort  to 
this  broad  field.  Relative  to  other  countries,  the  emphasis  in  Japan  was 
on  enKineerin«.  and  in  France  and  (iermany  on  physical  sciences. 
Relatively  hijxh  priority  was  accorded  the  environmental  sciences  in 
the  I'nited  Kin.ndom.  and  the  social  sciences  in  Canada,  the 
Netherlands,  and  Australia.  See  appendix  table  446. 
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Japniu'sc  ( jovcriuiu'iil  kwd  ai)iM()i)riali()iis  in 
wcri'  iiivi'sicd  rrhitivi'ly  luwily  (.'^1  pcivcnl  ol  lolal)  in 
llu'  "atlvaiKHMiUMU  ot"  l\ii()wl('(l.ij('"  (whicl\  is  coiiibiiKnl 
siij)j)()ri  lor  "advaiiriMiKMil  of  roscaivli"  aiul  ".uiMUM'al  iiiii- 
viM'siiy  hinds. "  or  (,ri-).  *  1*. lU'iMzy-ridaU'd  activities 
arci)iiiili*d  lor  21  i)i'rc('iil  of  jxovcriiiiuMital  liiiids. 
r(M*l('Cliii.u  ilic  foiinlry's  concern  with  its  hiuli  (Um^^'h- 
dcncc  on  lorci.un  sources  of  (iieri^y.  In  each  of  the  four 
European  countries  and  Canada,  inchisirial  development 
accounted  for  <s  perciMit  or  more*  of  irovcM-nniental  K\l) 
funding:  it  accounted  lor  \  percent  of  the  Japanes(»  total, 
hut  just  ().:>  juMvent  of  t'.s.  \<K\).  Tlu'  latter  n,ii:i?re--\vhich 
may  hv  understated  ri>lativi>  to  otlu-r  countric^s  as  a  result 
of  compilation  dilTeriMices — is  likely  to  incri?ase  uiven 
tin*  iiiKMition  of  tin*  current  administration  to  i)rovi(le  fur- 
ther investment  in  eomnuM'eially  ridevant  pro- 
i»Tams — notably  within  MnT — that  are  classified  under 
this  socioeconomic  cateijoiy. 

Structure  of  Federal  R&D  Obligation  Support 

I'cderal  k\l)  hmdiii.u  i)atterns  over  the  i)ast  di'catle 
eleaily  rellect  chan.u:in^  .u^ovcM'nment  priorities.  Yhv  fol- 
lowing sections  explore  tlu*se  |)attiM*ns  ;uul  |)riorities  by 
lirovidinu  summary  information  on  lecUTal  \<S:\)  sui)i)ort 
by  aj^tMicy  sponsor.  characttM*  of  work,  sci(Mitific  lu^ld  of 
incjuiry,  mode  ol  support,  and  cat(\i^ory  of  |)erformer, 
inckulin.u  tiiat  undiMlaken  in  uovernnuMit  laboratories.  " 

Patterns  of  Federal  Agency  Support.  Because 
most  futictional  catet^orii's  receive*  tluMr  K^i)  supi)ort 
from  relatively  lew  a.uiMicii^s.  a.ui'uey  support  |)atttM*ns  are 
similar  to  the  distribution  i)attern  of  Crovernment 


In  llir  t  niU'd  Si,iir^.  Mdvaiu cnu'iii  ui  knnult'dvvc"  is  u  hudvictaiy 
I  jil<'U(H'\  lur  ^l••^^an■ll  iiiiiclaU'cl  Uj  a  ^pri'ilit'  iialKniai  ohiiu  livr. 
I  iiillicinmn'.  wluTca^  v;fiu'tal  uiiiv<'i>it\-  IiiikIs  ;in'  irpin'h'd  M-paiah- 
Iv  lor  Japan  and  luiropcan  rounirics.  die  fiiilrd  Stales  docs  nol  liavc 
.in  r(|iiivai('iU  di  I  rati'.i^oiy:  l  iiiids  U)  tjic  iinivrrsity  sciior  arc  dis- 
irilnilfd  annum  llu*  ohjcilivcs  ol  the  IrdtMiii  a.i^oiu*irs  that  j)r()vidi'  the 
K\|)  liind^. 

riir  ircatnicni  ut  (A  1  (uic  ol  ili'»  major  nrras  «)!  (iillK'ulty  in  nuik- 
in.i^  iiUcniaiioiKil  u.\!)  omipai  isons.  .n  many  couiUrii's  jjiIici'  iIkiii  ilic 
t  nilrd  Stales,  national  ^ovenniu'iits  support  aeadcinic  rcseaivh  [)ri- 
inarilv  tiu-oiikdi  hir.i^c  hWk  trrants  that  art'  used— at  the  discreiion  of 
viuU  individual  h\ii\\vv  rdiu'ation  institution— U)  Lovcr  adniinisifative. 
Icadiinu.  and  rrsrarcli  costs.  Only  tlu'  \<\\^  coinpoiKMit  of  these  i^vurr- 
al  university  tunds  ;it*e  included  in  national  K\l)  statistics,  but  problems 
arise  in  idenlilyinK  it'  Iio^'*'  nuich  the  U\lJ  coinponiMit  is.  ('J)  the  lund- 
iiiK  source  (i.e..  the  uovfM'iuucnt  sector  or  hi.i^hcr  educiilion's  own 
nmds);  and  O  th<»  nl)jecliv<'  of  the  i-e^earcli. 

C.overnnieni  i.t  1  support  is  in  addition  lo  that  which  i^  provided  in 
die  lorni  o\  eanuarked,  directed,  or  project-si)ecillc  ^vM^  and  con- 
tracts (and  lhcrel)y  can  be  assimied  to  '^pecillc  sociijcconomic  cate- 
gories). In  the  fniled  Slates,  the  l-Vdcral  (•.overnniont  (allhou^di  not 
necessarily  state  uovernntenls)  is  much  more  directly  involved  in 
vdioosini:  which  acadenuc  research  prcjjects  arc  supi)()ried  than  in 
I'.urope  and  elsewhere.  I  hus.  these  socioeconomic  data  are  indicative 
not  only  of  relative  iniernalional  tundin^r  i)riorilies.  but  also  of  fundinj: 
niechaniMus.  l  or  Ui91i.  Ihc  ofl-  portion  ol  total  naiional  K<)vernment;il 
uxl)  supi)ort  was  between  and  43  j)ercotU  in  Japan.  Italy,  and 
(H^rmany:  about 'Jn  percent  in  ihe  t'nited  Kingdom  and  Canada:  and  12 
perceni  in  l-Yance. 

See  olA  (l*.)i'l)  and  l  I'>o  (1^)91)  for  a  review  ol  issues  related  to  led- 
cral  research  supjmri. 
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support  by  functional  objective.  In  the  l-'ederal 

C'rovernment  will  obligate  (see  "Dellnitions")  an  estimat- 
ed S71  billion  in  stij)j)ort  of  K\l)  and  related  t'acilities. 
.\llli()U.i?h  some  25  fc^deral  a.i]:eiicies  contribute  to  this 
total  ^Jf)  percent  of  the  lundin.u  is  provided  by  jtist  (>.  as 
lollow's: 

♦  DOD—jI  percent. 

♦  nils— lo  iHMvent, 

♦  National  Aeronautics  and  Space  Administration 
(\/\S/\)— K)  i)iM-ceut, 

♦  Doi-  —  1 1  perci^nl, 

♦  NSF — ?)  percent,  and 

♦  Di'partmimt  of  A.u^riculture  (t  si).\) — 2  pcrccMit. 

Sinci^  1981.  1)01)  has  i)rovi(U'cl  more  kX-D  fimds  annual- 
ly (lor  both  in-hous(»  and  i»xteriial  research)  than  all 
tUher  aK^encies  combined.  (See  figure  -M!).)  This  domi- 
nanct^  in  DoD's  lundinj^  share  |)eake(l  in  at  ir\  per- 
L'tMit  of  total. 

At  J>11  billion  in  H)94,  the  lu^alth  programs  of  lllis— 
particularly  its  National  Institutes  of  Health  (Mil)  whicli 
recently  absorbed  the*  annual  SI  billion  K^d)  functions  of 
the  Alcohol,  Dru.u  Abuse,  and  Mental  Health  Admini- 
stration— accounts  for  the  second  largest  share  of  all  fed- 
eral K\d)  fundinj^."  Mils  is  also  the  source  of  roui^lily  10 
IKM'cent  of  tVdtM'al  basic  rc^searcli  funds  disbursed  nation- 
wide, most  of  which  are  slated  for  research  in  the  life  sci- 
ences. (Set*  ai)pcn(lix  tablt*  1-15.)  Between  1986  and 
1994,  total  K\I)  obligations  by  llllS  .urew  S5  billion,  or  Ki 
l)ercent  in  constant  dollars,  "  .\.\SAs  recent  K\l)  budj^i»t 
has  also  climlx^d  si.irnitlcantly.  Like  that  of  Illls.  it  was  up 
S5  billion,  or  95  jHM'cent  in  eonstant  dollars  dttrin.ij  th(* 
198(>-*)4  period.  ()iK»-lifth  of  NASA's  estimated  1991  K.VI) 
bud,ijet  is  i)lanne(i  for  Space  Station  Freedom  (SHS 
1993b). 

Amon.ij  the  other  nondcM'ense  a^^encit^s,  the  Depart- 
mcMit  of  Commerce  and  the  National  ScitMice  l-'oundation 
have  also  exi)erieneed  relatively  fast  research  .i^rowth 
durin^^  the  past  several  years.  Between  1990  and  1994, 
inflation-adjusted  \\^\)  oblii^alions  .ijrcw  by  an  ^^slimaled 
49  percent  for  Commerce — primarily  for  industiy-related 
a[)pli(»d  research  support — and  by  26  percent  for  NSF, 
especially  for  university-performed  basic  research.  In 
terms  of  their  absolute  fundin)^  levels,  the  amount  of 
support  from  these  two  agencies  (a  combined  $?>  billion) 
l)ales  when  compared  with  those  of  the  top  four  federal 
funders. 


AIDS  research  accounts  for  SI    bilV*t)n,  or  V2  percent,  of  the 
llfis  RvKl)  ftindin^  tt^tal 

Health-related  research  costs,  however,  have  risen  considerable 
faster  than  would  be  indicated  by  tht*  (ihP  iinplicil  price  tleflalor.  \V\\c\\ 
tins  K»i;i)  expenditures  are  de Hated  with  the  HRDPl  (see  "Health:  The 
(;n)winij  Focus  of  National  K.^D  Support"),  the  eslimated  increase  from 
198(i  to  U)l)t  is  one-tourth  less  (or  M  percent)  than  that  calculated 
usinR  the  t;i)P  detlator. 
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Health:  The  Growing  Focus  of  National  R&D  Support 


Congress  and  the  administration  are  paying  consid- 
erable attention  to  issues  related  to  the  Nation's  health 
care  system;  research  is  an  important  component  of 
overall  health  costs.  Although  it  would  be  difficult  to 
distribute  the  national  R^W  total  among  specific  cate- 
gories of  national  objectives,  this  section  attempts  to 
provide  a  perspective  on  federal  and  nonfederal  RW 
trends  for  health-related  investments. 

llie  National  Institutes  of  Health  (NIH)  annually  pro- 
vides expenditure  data  on  the  source  and  performance 
of  the  Nation  s  health  R&D.  These  tabulations  are  more 
comprehensive  than  the  Office  of  Management  and 
Budget  function  data  presented  elsewhere,  because 
NMH  attempts  to  include 

♦  health-related  components  of  all  agencies'  lu^D  in 
these  totals,  irrespective  of  their  formal  budget 
function  classification; 

♦  expenditures  from  nonfederal  govemnient  sources; 
and 

♦  health  R.^-D  from  private  nonfederal  sources— pri- 
marily industry,  but  also  private  nonprofit  organi- 
zations such  as  the  Howard  Hughes  Medical 
Institute. 

According  to  NMH  (1992),  sources  of  nonfederal 
health  R&I)  support  grew  considerably  faster  than  did 
federal  sources  during  the  eighties.  Public  sector 
financing  accounted  for  roughly  two-thirds  of  the  total 
health-related  R&D  in  1980;  of  this,  about  90  percent 
was  funded  by  the  federal  sector,  and  the  rest  was 
funded  by  state  and  local  governmentr.  Approximately 
one-third  of  the  national  health  K&D  total  derived  from 
private  sources.  (See  appendix  table  4-28.)  Overall, 
about  13  percent  of  the  Nation  s  RikD  expenditures 
were  health-related:  16  percent  of  federal  K&l)  was  for 
health  as  was  10  percent  of  the  nonfederal  total. 

By  1992,  government's  share  of  the  estimated  $28 
billion  spent  on  health  R&D  had  fallen  to  less  than  half: 
Only  41  percent  of  total  health  R&D  support  came  from 
the  Federal  Government— mostly  NIH— and  6  percent 
from  the  states  and  localities.  This  decline  in  the  feder- 
al share  was  in  spite  of  a  24-percent  increase  in  the  con- 
stant  dollar  support  level  over  the  same  12-year 
period/  Private  sector  support,  led  by  the  R&D  invest- 
ments of  drug  and  biotechnology  companies,  grew  by 


Figure  4-11. 

Funding  of  health  R&D  as  a  percentage  of 
total  R&D,  by  source 


Percent 


SB  ^^^^^^ 


1980  1984  1988  1992 


See  appendix  tables  4-4  and  4-28. 
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almost  170  percent  between  1980  and  1992.  As  a  result 
of  these  growth  trends,  a  remarkable  18  percent  of  the 
national  li^u  investment  was  related  to  health  in  1992: 
comparable  percentage  shares  of  federal  and  nonfed- 
eral funding  totals  were  devoted  to  such  purposes. 
(See  figure  4-11.) 

^Constant  dollar  estimates  are  based  on  the  Bureau  o(  Econoitiie 
Analysis/NIH  biomedical  research  and  development  price  index 
(URDPI).  Since  the  miDVl  is  designed  to  retlect  price  movements  in 
biomedical  K&n.  it  measures  real  changes  in  health  R&l)  expendi- 
tures b(Hter  than  does  the  broader  ODi'  deflator  (Schuttinj^a  1993). 
Between  1980  and  1990,  there  was  a  69-percent  increase  in  the  GDV 
deflator.  (See  appendix  tables  4-1  and  4-28,)  During  this  same  peri- 
od, health-related  research  costs — as  measured  by  the  BW)PI — rose 
by  98  percent,  Jankowski  (1993)  estimates  that  of  the  12  industries 
for  which  an  K&l)  price  index  was  calculated,  the  chemicals  industry 
(which  includes  drugs  and  medicines)  experienced  the  most  rapid 
increase  in  HAD  costs  during  the  eighties. 


1)()D  emphasizes  programs  in  their  development  stage: 
Relatively  little  Dol)  funding  is  provided  for  basic  or 
applied  research.  Aggregate  funding  by  all  other  federal 
agencies  is  more  evenly  distributed  among  the  three 
categories  (about  30  percent  of  total  for  each)  and 
RikU  plant  projects  (10  percent  of  total).  (See  figure  4-14.) 


R&D  Agency-Performer  Patterns.  Over  the  years, 
one  or  two  federal  funding  agencies  have  come  to  pro- 
vide the  bulk  of  K.^l)  support  to  each  of  the  different 
types  of  R.^l)  performers.  For  example,  federal  R&\) 
obligations  to  FFRDCs  are  dominated  by  funding  from 
l)()K  and  Don,  and  the  largest  shares  of  R&D  funds  for 
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Figure  4-12. 

Government  R&D  support,  by  country  and  socioeconomic  objective:  1992 


Percent 


France 


United 
Kingdom 


Canada 


NOTES:  German  data  are  for  the  former  West  Germany  only.  Detail  do  not  add  to  100%  because  funding  for  some  objectives  (for  example,  advancement 
of  knowledge)  is  not  graphed.  R&D  is  classified  according  to  its  pr/ma/y  government  objective,  although  it  may  support  any  number  of  complementary 
goals.  For  example,  defense  R&D  with  commercial  spin-offs  is  classified  as  supporting  defense,  not  industrial  development. 
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academic  and  othcM'  nonprofit  pcM  t'ornicrs  ori^^inale  in 
HHS.  (See  text  table  4-3.)  Similarly.  DOI).  N.\s.\.  and  Doi-: 
sponsor  applied  research  within  industrial  firms  and 
l-I  RDCs  administered  by  either  universities,  industry,  or 
nonprofit  institutions.  In  contrast,  nonprofit  institutes 
and  the  research  hospitals  of  the  academic  sector 
receive  the  i)ulk  of  their  applied  research  and  develop- 
ment funds  from  .MH. 

'Hie  largest  recipient  of  basic  research  funds  (in  terms 
of  estimated  1993  total  a^^ency  oblij^ations)  is  universi- 
ties and  collet^es;  this  sector  is  primarily  funded  by  HHs 
(50  percent)  and  .\sr  (24  percent).  DOI-:,  as  in  its  support 
of  applied  research  and  development,  is  the  largest 
provider  of  basic  research  funds  to  [  l-RDCs  under  con- 
tract with  universities.  I'\'deral  obligations  for  basic 
research  in  private  tlrms  are  concentrated  (56  percent) 
in  N.XSA  s  research  budget.  Federal  in-house  work  on 
basic  research  programs  is  distributed  among  at  least 
six  major  agencies,  with  the  largest  portions  conducted 
by  NIH  and  N.XSA  laboratories.  Smaller  portions  are  i)er- 
formed  by  the  Department  of  the  Interior's  (Geological 
Suivey  and  I  SDA's  Agricultural  Research  Seivice.  (See 
appendix  table  4-13  and  "Patterns  of  Federal  Lab  R&D 
Performance.") 

Trends  in  Character  of  Work  Funding,  WTiile  there 
are  distinct  and  stable  patterns  in  agency-peilormer  K^-i) 
Q  *unding  trends,  notable  shifts  of  relative  growth  and 
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decline  are  apparent  in  the  federal  character  .yf  work  R^^i) 
funding  data.  As  a  share  of  the  \<S:\)  total,  development 
obligations  gro-  from  61  percent  in  1980  to  68  percent  in 
1987 — or  40  percent  in  constant  1987  dollars — mainly 
because  of  growth  in  defense-related  R».^l),  which  is  90 
percent  development.  Since  then,  the  development  share 
has  settled  back  to  61  percent  of  total,  and  inllation- 
adjusted  obligations  have  dev.iined  by  9  percent.  (See 
appendix  table  4-10.) 

Applied  research  fell  from  23  percent  of  total  in  1980 
10  16  percent  in  the  late  eighties;  this  decline  rellected 
the  administration's  policy  that  private  industry  can 
respond  to  nongovernmental  market  needs  better  than 
can  the  Federal  Government  in  making  civilian  applied 
Ri^D  investment  decisions.  Moi*e  recently,  applied  (most- 
ly nondefense)  i*esearch  has  climbed  back  to  a  20-per- 
cent share. 

Throughout  the  1980-93  period.  fedei*al  basic  i*esearch 
support  has  edged  upward,  from  about  15  percent  of  \<^\) 
total  in  the  early  eighties  to  about  20  percent  of  total  in 
the  early  nineties.  This  strong  and  sustained  growth 
exemplifies  the  widespread  governmental  view  of  basic 
research  as  essential  to  the  Nation's  scientific,  techno- 
logical, and  socioeconomic  futui*e. 

Fields  of  Science  and  Engineering  Research. 

Among  fields  receiving  federal  research  support,  life  sci- 
ences garner  the  largest  share  of  both  basic  and  applied 
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Figure  4-13. 

Federal  R&D  obligations,  by  selected  agency 
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research  oblifjations.  FundinK^  for  the  life  sciences  domi- 
nates basic  research  totals  and  has  ^rown  steadily  since 
the  early  ei^^hties.  (See  fi^^ure  4-15.  Appendix  table  446 
and  footnote  3!^  provide  related  international  comparison 
data.)  In  1980,  the  life  sciences— including  the  biologi- 
cal, medical,  and  agricultural  subfields— accounted  for 
:U  percent  of  all  federal  basic  research  support.  By  1993, 
they  accounted  for  46  percent  ($6.6  billion)  of  the  federal 
total  ($14.2  billion).  Tliis  growth— especially  in  the  bio- 
logical sciences— reflects  the  mission  interests  of  NIH, 
the  major  funding  agency  for  life  sciences.  1)()H  provides 
most  funding  for  basic  research  in  the  physical  sciences, 
which  also  has  experienced  steady  growth  over  the  past 
decade  and  now  accounts  for  a  23-percent  ($3.2  billion) 
basic  research  share. 

'Hie  total  amounts  obligated  for  applied  research  in  fed- 
eral agency  1993  budgets  were  slightly  below— 3  per- 
cent—those  estimated  for  basic  research:  these  propor- 
tions have  remained  fairly  stable  since  1987.  (See 
appendix  tables  4-15  and  4-16.)  Life  sciences  again 
received  the  largest  applied  research  funding  support, 
just  surpassing  engineering  in  terms  of  percentage  share: 
34  percent  versus  33  percent,  respectively,  in  1993. 
O  pplied  research  funding  for  engineering— led  by  NASA's 
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support  for  aeronautical  engineering — has  risen  rapidly 
since  1990.  Applied  research  funding  for  the  physical  sci- 
ences also  gained  ground  in  the  early  nineties,  reversing 
7  years  of  inflation-adjusted  decline.  (See  tlgure  4-15.) 

Academic  Research  Funding.  -^  Hie  combined  fed- 
eral basic  and  applied  research  investment  reached  an 
(estimated  $28  billion  in  fiscal  year  1993.  A  large  fraction 
of  it — 37  percent,  including  one-half  of  the  basic  research 
total  and  one-fourth  of  the  applied  research  total — was 
carried  out  in  the  Nation^s  universities  and  colleges,  'ITiis 
funding  has  been  broadly  justified  in  terms  of  its  contri- 
bution to  the 

♦  mission  interests  of  federal  agencies  (for  example, 
defense  and  health); 

♦  economic  and  commercial  prosperity  of  the  Nation: 

♦  education  and  training  of  future  scientists  and  engi- 
neers; and 

♦  pursuit  of  knowledge  for  its  own  sake. 

The  structure  of  this  $28  billion  in  federal  research 
support  is  quite  complex.  Support  is  spread  across  many 
performers  and  a  variety  of  disciplines,  is  directed 
toward  various  funding  purposes,  and  is  disbursed 
through  diverse  funding  niechanisms.  Data  for  address- 
ing sonic  of  these  complexities  have  long  been  collected 
(and  covered  in  Indicators):  to  address  some  of  the  other 
structural  aspects  for  which  data  have  not  been  system- 
atically collected,  a  special  survey  (OSTP  1992)  was 
recently  undertaken.  This  sui-vey  reviewed  academic 
research  funding  during  the  eighties  from  six  major  civil- 
ian agencies;  it  found  several  distinctive  patterns  in  the 
structure  of  this  support.  '^' 

Between  1980  and  1989,  federal  funding— in  constant 
dollars— has  increased  for  all  modes  of  support  (individu- 
al investigator,  research  team,  research  center,  major 
facility),  but  at  different  rates  for  each.  The  share  of 
research  funds  going  to  individual  investigators  declined 
from  56  to  51  percent  over  the  decade  (see  figure  4-16); 
in  contrast,  increases  in  shares  were  evident  for  research 
teams  and  major  facilities.  Changes  differed  across  agen- 
cies and  disciplines.  For  example,  NIH  provided 
increased  funding  for  interdisciplinary  research,  with  the 
result  of  stimulating  awards  to  research  teams.  And, 
while  the  percentage  of  NSF  research  funding  for  centers 


"Sre  chaptcT  3  lor  inort'  detailed  information  on  k'deral  acadi'iuic 
research  expenditures.  Including  that  in  support  of  universities  indi- 
rect costs. 

•■'nie  six  autMR-ies  studied  were  I  SDA.  not-.,  NAM.  Nsl-.  NIU,  and  tlie 
Knvironmenial  Protection  Agency.  DOD  also  participated  in  the  study, 
but  was  unable  to  provide  the  specialized  data  requests  for  years  other 
than  1989.  'Hie  six  civilian  agencies  accounted  for  more  than  %  per- 
cent of  the  academic  research  funded  by  non-noi)  agencies.  'Hie  report 
also  contains  considerable  funding  detail  on  research  at  federal  labora- 
.  lories— including  both  intramural  labs  operated  by  agencies  them- 
selves and  l-FKDCs  operated  by  outside  contractors. 


108  ♦ 


Chapter  4  Research  &  Develooment:  Financial  Resources  and  Institutional  Linkages 


Figure  4-14. 

Federal  obligations,  by  agency  and  type  of  activity:  1994 


rose  from  3  percent  in  1980  to  8  percent  in  1989.  ti'ends 
in  other  a^^encies'  mode  of  support  was  quite  the  oppo- 
site. Centers'  share  of  the  other  five  civilian  at^encies' 
combined  academic  research  total  fell  slip^htly.  from  16 
to  14  percent. 

In  terms  o\  funding  purpose,  shares  for  thematic 
research — the  categoiy  that  receives  the  bulk  of  federal 
academic  support — declined  slightly,  dropping  from  57 
percent  in  1980  to  S6  percent  in  1989.  Meanwhile,  the 
funding  share  for  instrumentation  increased  from  1  per- 
cent of  total  in  1980  to  ?>  percent  in  1989.  The  fundin.t: 
shares  for  disciplinary  support  and  developing  human 
resources  remained  level  at  33  and  8  percent,  respective- 
ly, of  total. 

hi  short,  the  report  found  that  while  there  were  defi- 
nite changes  in  the  structure  of  federal  research  during 
the  eighties,  these  changes  may  not  have  been  as  dra- 
matic as  some  had  thought.  On  the  other  hand,  the 
report  s  data  extend  only  to  1989.  In  light  of  recent  shifts 
in  federal  policy— for  example,  the  increasing  emphasis 
on  thematic  research  in  federal  agency  research  budgets 
discussed  in  "Cross-Cutting  \<^\)  Initiatives."  below — 
some  of  the  trends  identified  for  the  eighties  may  be  dif- 
ferent in  the  nineties. 

Cross-Cutting  R&D  initiatives 

Several  years  ago,  the  Federal  (Government  chose  to 
revitalise  government- wide  participation  in  S<5cT  activities 
through  the  Federal  Coordinating  Council  for  Science. 
Engineering,  and  Technology  (l-CCSirr).  Chaired  by  the 
Q     Director  of  the  Office  of  Science  and  Technology  Policy 
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and  with  membership  comprising  the  heads  of  almost  all 
federal  research-funding  agencies,  bXCSKT  is  a  mecha- 
nism through  which  the  administration  plans,  budgets 
for,  and  coordinates  research  programs  that  are  not  lim- 
ited by  boundaries  of  agencies  or  disciplines  (that  is. 
"cross-cutting"  programs).  The  I-XXSKT  cross-cuts  may 
well  represent  a  major  component  of  a  shifting  science 
I)olicy  paradigni  (Brown  1992). 

The  Clinton  administration,  stating  its  intention  to 
strengthen  the  FCCSirr  process,  included  funding  for  six 
presidential  initiatives  in  its  initial  1994  budget  proposal. 
Identified  as  integral  parts  of  an  overall  strateg\^  to  use 
science  and  technology  to  achieve  national  goals,  com- 
bined funding  for  the  six  interagency  initiatives  equaled 
$12.5  billion — the  equivalent  of  about  one-sixth  of  esti- 
mated 1994  federal  R&I)  support  (c)STP  1993).'"  The  six 
cross-cuts  are 

♦  biotechnology  research,  funded  at  $4.3  billion; 

♦  advanced  materials  and  processing,  at  $2.1  billion; 

♦  global  environmental  change  research,  at  $1.5  billion; 

♦  advanced  manufacturing  technology,  at  $1.4  billion; 

♦  high-performance  computing  and  communications, 
at  $1.0  billion;  and 


'  IVccise  comparison  of  the  KCCsKl  Initiatives  and  the  Icdtral 
total  is  difficult  because  (1)  definitions  lor  the  two  sets  of  dala  are  not 
necessarily  identical,  and  (2)  some  double  count in^  may  occur  for 
closely  related  activities  that  ar^  present  in  more  than  one  initiative. 
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Text  table  4-3. 

Estimated  federal  R&D  obligations,  by  agency  and  performer:  FY  1993 

Performer  total 

federal  Primary 

Performer  obligations  funding  source 

—Millions  of  dollars—  —Percent- 
Total  R&D                                                       69,754  DOD  52 

Federal  intramural  laboratories                           16.643  DOD  50 

Industrial  firms                                              31,203  DOD  79 

Industry-administered  FFRDCs                           2,142  DOE  82 

Universities  and  colleges                                 11,764  HHS  53 

University-administered  FFRDCs                         3,703  DOE  59 

Other  nonprofit  institutions                                  2,957  HHS  58 

Nonprofit-administered  FFRDCs                            721  DOD  62 

Basic  research                                             14.184  HHS  41 

Federal  intramural  laboratories                            2.893  HHS  38 

Industrial  firms                                                1.104  NASA  56 

Industry-administered  FFRDCs                              227  DOE  95 

Universities  and  colleges                                   7.070  HHS  50 

University-administered  FFRDCs                          1,468  DOE  66 

Other  nonprofit  institutions                                 1.228  HHS  71 

Nonprofit-administered  FFRDCs                              79  DOE  86 

Applied  research                                            13,715  HHS  25 

Federal  intramural  laboratories                            4.948  DOD  28 

Industrial  firms                                                2.955  DOD  47 

Industry-administered  FFRDCs                              451  DOE  83 

Universities  and  colleges                                   3.183  HHS  58 

University-administered  FFRDCs                            916  DOE  75 

Other  nonprofit  institutions                                    976  HHS  54 

Nonprofit-administered  FFRDCs                             101  DOE  61 

Development                                                41.855  DOD  76 

Federal  intramural  laboratories                            8.802  DOD  74 

Industrial  firms                                              27,144  DOD  85 

Indus'.ry-administered  FFRDCs                            1,464  DOE  80 

Universities  and  colleges                                   1-511  HHS  60 

University-administered  FFRDCs                          1.318  DOE  42 

Other  nonprofit  institutions                                    753  HHS  43 

Nonprofit-administered  FFRDCs   541  OOP  81 

AID      =  Agency  for  International  Development 
DOD     =  Department  of  Defense 
DOE     =  Department  of  Energy 

FFRDC  =  federally  funded  research  and  development  center 
HHS      =  Department  of  Health  and  Human  Services 
NASA    =  National  Aeronautics  and  Space  Administration 
NSF      =  National  Science  Foundation 

See  appendix  table  4-1 1 . 


Secondary 
funding  source 


—Percent— 

HHS  16 

NASA  16 

NASA  14 

DOD  15 

NSF  16 

NASA  20 

DOD  9 

DOE  30 

NSF  15 

NASA  21 

HHS  19 

HHS  5 

NSF  24 

NASA  23 

NSF  11 

DOD  11 

DOD  25 

NASA  18 

NASA  29 

DOD  5 

DOD  14 

NASA  16 

AID  24 

HHS  14 

NASA  11 

NASA  13 

NASA  10 

DOD  20 


DOD 
DOD 
DOD 
DOE 


28 
37 
28 
16 
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♦  science,  mathematics,  engineering,  and  technology 
education,  at  $2.3  billion,  although  this  I-CCSI-T  ini- 
tiative is  not  directly  included  in  an  R&l)  budget, 

Multiple  agency  funding  is  a  hallmark  of  the  cross- 
cuts; for  most  initiatives,  however,  one  or  two  agencies 


President  Clinton  announced  in  Au^nisl  1993  his  intention  to  niodi- 
ly  support  for  these  six  I-CCSin*  initiatives.  Hie  biotechnoloKY  initiative 
is  to  be  eliminated;  the  advanced  materials  and  processinjj  and 
advanced  nianufacturini?  leehnolop\'  initiatives  are  to  be  combined.  In 
November  1993.  Ihe  president  established  a  nesv  cabinet-level  National 
Science  and  Technology  Council  to  replace  KC  SIX  the  National  Space 
O    unciK  and  the  National  Critical  Materials  Council 
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provide  the  bulk  of  the  monies.  (See  figure  4-17.)  Vov 
example,  the  largest  initiative  is  for  biotechnology  for 
which  more  than  three-quarters  of  its  budget  is  con- 
trolled by  NIH  whose  interests  lie  primarily  in  health- 
related  programs.  Almost  70  percent  of  global  change 
research  monies  come  from  NASA  and  includes  funding 
for  its  Earth  Observing  System  program  which  is  designed 
to  address  issues  such  as  the  greenhouse  effect,  ozone 
depletion,  and  deforestation.  OOD  is  the  primary  or  sec- 
ondary funding  agency  for  four  of  the  initiatives  in  1994: 
Only  in  the  biotechnology  and  global  change  cross-cuts 
does  DOD  not  play  a  major  funding  role. 
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Patterns  in  Federal  Lab  R&D  Performance* 


The  role  of  federal  lab  activity  in  the  Nation  s  s&T 
enterprise  has  attracted  considerable  attention  of  late, 
especially  in  the  context  of  debates  on  making  federal 
labs'  R&D  programs  more  commercially  relevant.  (See 
'Technology  Transfer  and  Commercialization.")  Out  of 
a  total  federal  $70  billion  R&D  investment  in  1993,  labo- 
ratories owned  or  principally  funded  by  the  Federal 
Government  received  one-third  ($23.2  billion). 
Intramural  laboratories  owned  by  the  government  and 
operated  by  agency  personnel  (government-owned, 
government-operated)  accounted  for  72  percent  ($16.6 
billion)  of  the  federal  lab  total;  FFRDCs  (including  both 
government-owned,  contractor-operated  labs,  and  labs 
owned  by  nongovernment  organizations  but  which  do 
virtually  all  of  their  work  for  government)  accounted 
for  28  percent  ($6.6  billion).  (See  text  table  44.) 

Three  agencies  account  for  almost  80  percent  of  the 
1993  intramural  lab  effort:  DOD  labs  performed  half  of 
this  federal  total;**  about  15  percent  each  was  under- 
taken in  NASA  and  HHS  (primarily  NIH)  labs.  Three 
agencies  also  account  for  most  (95  percent)  FFRDC 
support.  DOD  and  DOE  provide  most  of  the  fimding  for 
FFRDCs  administered  by  firms  and  nonprofit  organiza- 
tions: These  two  agencies,  along  with  NASA,  provide 
most  of  the  university-administered  FFRDC  R&D  funds. 
This  high  concentration  in  the  federal  labs  R&D  effort 
has  been  maintained  over  time.  (For  longitudinal  data 
on  intramural  R&D,  see  appendbc  table  4-13;  on  FFRDCs, 
see  appendbc  table  4-14.) 

About  half  the  money  going  to  all  federal  labs  is  for 
nondefense  programs.  Nondefense  lab  performance 
includes  funding  for  several  agencies  with  a  long 
track  record  in  cooperating  with  private  industry.  For 
example,  NASA  devotes  about  10  percent  of  its  R&D  to 
aeronautics  research  (SRS  1993b),  which  by  statute  is 
closely  aligned  to  the  interests  of  the  commercial  air- 
craft industry.  Approximately  40  percent  of  the  NIH 


research  budget  is  applied  and  supports  programs  of 
interest  to  the  pharmaceutical  and  biotechnology 
industries  (OTA  1993),  Moreover — as  is  borne  out  by 
technology  transfer  metrics  (see  "Technology 
Transfer  and  Commercialization'*) — USDA  labs  have 
long  undertaken  research  programs  of  interest  to  pri- 
vate agriculture,  and  the  central  mission  of  the  grow- 
ing NIST  labs*  budgets  is  to  serve  industry  needs. 

The  remaining  half  of  the  federal  total  is  for  defense 
labs,  including  much  of  the  R&D  in  DOE's  national 
weapons  laboratories — Sandia,  Lawrence  Livermore, 
and  Los  Alamos.  It  is  these  labs  that  are  facing  the 
challenge  to  find  alternative  activities  in  light  of 
expected  reductions  in  defense  R&D  support.  Up  until 
recently,  DOD  and  DOE  labs  have  focused  R&D  efforts 
on  their  defense  missions.  Little  attention  was  given  to 
technology  transfer  activities.  However,  with  no  new 
nuclear  weapons  now  planned  and  with  the  defense 
drawdown  continuing,  defense  labs  have  turned 
increasingly  toward  nondefense  research  subjects 
including  environmental  technologies  and  the  develop- 
ment of  new  products  for  industry.  Indeed,  technology 
transfer  is  now  identified  as  a  core  mission  activity  of 
the  Department  of  Energy.  Systematically  compiled 
data  on  defense/nondefense  resources  allocations, 
however,  are  not  easily  obtained. 


*Comprehensive  coverage  of  issues  related  to  federal  laborato- 
ries— particularly  to  nOE's  multi-program  nuclear  weapons  laborato- 
ries— in  the  post-Cold  War  environment  may  be  found  in  OTA 
(1993).  in  which  ideas  for  this  section  originated.  See  also  Davey 
(1992)  for  information  on  DOD  FFRDCS.  and  Sanders  (1993)  for  a  con- 
cise historical  perspective  on  current  FFRDC  issues. 

**There  is  some  confusion  as  to  the  actual  level  of  DOD  s  intramural 
R&D  effort.  The  NSF  numbers  reported  here  are  defined  to  include 
only  funds  for  in-house  activities,  yet  OTA  (1993)  reports  that  over  half 
of  this  money  is  passed  through  to  outside  defense  contractors.  The 
basis  for  this  conclusion  is  DOD  (undated)  self-reports,  stating  that 
only  $4.0  billion  of  total  $8.5  billion  laboratory  research,  development, 
test,  and  evaluation  program  funds  are  used  for  in-house  activities. 


rccSMT's  impact  on  the  budget  process  may  extend 
beyond  the  numbers  just  presented,  hi  light  of  cross- 
cuts' new-found  importance  in  framing  R«S:1)  budget  pro- 
posals, agencies  commonly  have  rushed  to  highlight  cur- 
rent research  budgets  and  proposed  increases  in  terms 
of  their  relevance  to  I'CCSPrr  activities.  Many  of  these  pro- 
grams undoubtedly  would  be  undertaken  even  without 
the  IX  CSirr  coordinating  mechanism. 

Defense-Related  Issues 

The  magnitude  and  importance  of  defense  R^l)  in 
the  Nation's  s^^iT  enterprise  is  currently  being  trans- 
formed. Specifically,  the  recent  changes  in  U.S.  interna- 
tional security  concerns  have  resulted  in  a  pressing 
need  to  reduce  or  redirect  the  massive  R&D  investment 
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in  financial,  human,  and  capital  resources  devoted  to 
the  defense  industry  for  the  past  40  years.  This  section 
discusses  significant  shifts  in  the  funding  components 
that  comprise  the  DOD  R&D  budget,  and  summarizes 
the  recently  established  federal  technology  conversion 
program.^"-' 

DOD  Research^  Developmenty  TesU  and  Evalu- 
ation, lliere  have  been  substantial  changes  in  U.s,  mili- 
tary'' strategy  during  the  past  several  years:  The  focus 
has  shifted  from  threat  of  global  conflict  with  a  known 
superpower  adversary  to  greater  concern  with  regional 


'  For  an  indepth  discussion  of  ihc  role  of  defense  in  the  changing 
N.<:T  environment,  soo  Alio  ct  al.  1992. 
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Text  table  4-4.  r.^ 
Estimated  federal  R&D  obligations,  by  selected  agency  and  government  laboratory:  FY  1993 


Agency 


Department  of  Agriculture  

Agricultural  Research  Service  

Forest  Service  

Department  of  Commerce  

National  Institute  of  Standards  &  Technology  .  .  . 

National  Oceanic  &  Atmospheric  Administration  . 


Total 
R&D 


Federal 
labs^ 


Intramural 
Millions  of  dollars  


FFRDCs 


69,764 

23,209 

1 6,643 

6,566 

1.337 

899 

899 

654 

625 

625 

0 

177 

161 

161 

0 

622 

477 

477 

* 

231 

159 

159 

0 

379 

307 

307 

0 

36,155 

9,597 

8,277 

1,320 

12,652 

1,416 

1,148 

268 

5,737 

2,263 

2.096 

167 

8.754 

3,248 

3,024 

223 

8,397 

2,337 

1,690 

647 

6.731 

4,745 

567 

4,178 

11.143 

2,443 

2,361 

82 

10.568 

2,242 

2,163 

79 

541 

482 

482 

• 

326 

299 

299 

0 

8,629 

3,397 

2,646 

751 

Department  of  the  Interior  

U.S.  Geological  Survey  

National  Aeronautics  &  Space  Administration   

•  =  less  than  S500.000:  FFRDC  =  Federally  funded  research  and  development  center 
Total  for  federal  labs  is  the  sum  of  intramural  labs  plus  FFRDCs. 

^Roughly  40  percent  of  the  Department  of  Energy's  R&D  support  to  FFRDCs  is  provided  to  its  three  weapons  labs:'  Sandia.  Lawrence  Livermore.  and  Los 
Alamos  National  Laboratories. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1991.  1992.  and 
1993  (Washington.  DC:  NSF.  1993). 
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contingencies.  The  process  of  craftin,i(  a  post-Cold  War 
defense— a  process  that  be.t^an  in  19H9  after  the  disman- 
tling^ ol'  th'^  HcvWn  Wall  and  the  subsequent  collapse  of 
Soviet  Coiiuiumisni — culminated  in  the  formal  elabora- 
tion of  a  new  defense  strategy  released  in  May  199!^ 
(Cheney  1991-^).  Not  surprisingly,  elements  of  this  strate- 
t^y  have  major  implications  for  the  funding  of  DOD's 
research,  development,  test,  and  evaluation  (KI)r^:i:) 
activities. 

From  1980  to  the  present,  fundinK  for  RDTX:!-:  has 
Krown  consistently— if  not  smoothly— as  a  percenta^^e  of 
1)01)  s  total  budKet:  The  I<1)TCK  component  rose  from  10 
percent  of  total  in  1980  (S13  billion  of  the  $132  billion 
Dol)  militaiv  outlay)  to  an  estimated  14  percent  in  1994 
($38  billion  of  the  $2(59  billion  total).  In  1990,  Rmv^K 
accounted  for  13  percent  ($37  billion  of  the  $291  billion) 
of  DOD's  niilitaiy  outlays.  This  growth  demonstrates  that 
R.vD  funding?  has  been  a  critical  component  of  the 
defense  stratej^y  throuj^hout  the  period.  (See  appendix 
table  4-18.)  In  contrast  to  this  positive  funding  trend, 
growth  in  other  DOD  functions  has  not  been  so  stable. 
For  example,  funding  for  procurement  of  weapons  sys- 
tems rose  considerably  in  the  early  eighties,  from  22 
percent  of  total  in  1980  to  ::0  percent  in  1987.  Since  then, 
procurements — out  of  which  li^D  in  addition  to  the  mv&E 
O   Iget  is  funded  (see  'Independent  Research  and  Devel- 
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opment")— have  fallen  both  as  a  percentage  of  total  (esti- 
mated at  23  percent  of  1994  funds)  and  in  absolute  lev- 
els. (See  appendix  table  4-18.) 

Within  the  RDTCK  budget,  funding  for  specific  mission 
categories  also  has  received  shifting  preferential  treat- 
ment during  the  past  15  years. ^'  Percentage  share 
funding  for  DOD's  strategic  and  tactical  programs  are 
almost  a  mirror  image  of  one  another.  (See  figure  4- 
18.)  These  trends  retlect,  initially,  growth  in  the  Air 
Force  s  major  strategic  missile  systems  such  as  M-X 
and  Trident  II,  and— subsequently— a  shift  in  support 
toward  tactical  weapons  for  theatre  warfare  servicing 
each  of  the  three  military  branches.  Funding  for  DOD's 
technology  base  fell  considerably  as  a  share  of  total — 
from  17  percent  in  1980  to  9  percent  in  1990— even 
though  the  actual  dollars  spent  for  this  research  cate- 
gory inched  up  each  year.  Substantial  growth  in  the 


'  DOD's  irchnoloKV  base  consists  of  all  basic  and  applied  re- 
search expenditures  <().!  fundamental  research  and  i5.2  exploratory 
development  monies,  in  Don's  nomenclature).  The  rest  is  what  Nsi- 
calls  "development."  indudinK  funds  for  strateKic  and  tactical  pro- 
jrrams.  as  well  as  for  the  somewhat  peneric  nonsyslcms  "advanced 
technology  development"  work  (6.:U  in  the  DOI)  vernacular).  For 
fuller  coverage  of  these  definition  issues,  see  CRS  (1986).  For  con- 
siderably greater  detail  on  Don's  fiscal  year  1994  budget,  see  DOD 
(1993).  ' 
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Figure  4-15. 

Federal  obligations  for  research^  by  field 


Billions  of  constant  1987  dollars 
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Basic  research 
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Engineering 


Math  &  computer  sciences 
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See  appendix  tables  4-1 5  and  4-16. 
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Figure  4-16. 

Federal  nondefense  research  funding  to 
universities,  by  mode  of  research  support 
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advanced  technology  development  component  during 
the  mid-eighties  primarily  reflects  the  funding  for- 
tunes of  Star  Wars,  the  Strategic  Defense  Initiative's 
crash  program  for  the  deployment  of  space-based 
weapons.*' 

More  recently,  development  funding  for  advanced 
technologies  and  funding  for  the  technology  base  have 
been  formally  incorporated  into  the  strategic  plan  under- 
lying DOD's  Science  and  Technology  Program  J"'  The 
guiding  principle  around  which  the  program  is  orga- 
nized is  that  technological  superiority  is  a  key  element  of 
deterrence  in  peacetime  and  provides  a  wide  spectrum 
of  military  options  in  times  of  crisis.  The  new  s^T  pro- 
gram thus  heavily  emphasizes  government-supported 
R<S:D  in  order  to  maintain  the  Nation's  defense  technolo- 
gy base.  The  military  departments  and  defense  agencies 


"There  is  a  lar^e  dip  in  advanced  technoloffv'  development  funding 
for  years  1993  and  1991  (fij^iire  4-liS)  because  several  major  Star  Wars 
projects  moved  from  their  Icchnoloj^y  development  phase  to  their 
strategic  development  phase.  Note  also  that  in  early  1993  the  end  ot 
the  Slrate^ric  Defense  Initiative  was  formalized  and  the  name  oi  the 
administering  ottlce  reverted  to  its  former  title,  the  Ballistic  Missile 
Defense  Organizaiioii. 

"The  information  presented  here  is  based  on  DOU  reports  as  of  mid- 
1992.  These  reports  (DOD  1992a  and  1992b)  outline  the  tenets  of  an 
strategy  that,  despite  being  several  years  in  the  making,  is  still 
under  considerable  scrutiny  and  review.  Additionally,  recent  decisions 
by  the  new  administration  may  make  certain  aspects  of  tlie  foregoing 
discussion  inaccurate  or  obsolete. 
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Figure  4-17. 

Federal  funding  for  FCCSET  inititatlves:  1994 


Figure  4-18. 

Department  of  Defense  budget  for  research, 
development,  test,  and  evaluation 
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will  invest  almost  $8  billion  in  fiscal  year  1994  to  support 
the  Science  and  Technology  Propjram.  as  follows: 

♦  S1.3  billion  in  basic  research  support  for  12  science 
and  engineering  disciplines  DOD  believes  are  not 
addressed  adequately  elsewhere— these  are.  in 
order  of  importance  as  indicated  from  estimated 
1993  funding  levels,  electronics,  ocean  sciences, 
mechanics,  materials,  physics,  chemistry,  computer 
sciences,  mathematics,  biology  and  medicine,  cog- 
nitive and  neural  sciences,  atmosphere  and  space 
sciences,  and  terrestrial  sciences; 

♦  $3.1  billion  in  exploratoi-y  development  (applied 
research)  support^'^  for  11  key  technology  areas 
deemed  critical  to  future  military  needs — comput- 
ers, software,  sensors,  communications  networking, 
electronic  devices,  environmental  effects,  materials 
and  processes,  energy  storage,  propulsion  and  ener- 
gy conversion,  design  automation,  and  human-sys- 
tem interfaces;  and 

♦  S3. 6  billion  in  advanced  technology  development 
support  for  demonstration  programs^'  in  each  of 
seven  "Sc^T  thrusts"— global  surveillance  and  com- 
munication, precision  strike,  air  superiority  and 


•  ToKt'thiT  with  basic  research,  these  funds  comprise  the  Dol)  tech* 
no\QU;v  base  budpet  category. 

•'One-third  of  these  activities  are  funtled  throu^'h  the  Advanced 
^    'c'search  Projects  Aj^eney. 
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RDT&E  budget:  Share  by  mission 

 y.. 

\ 
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NOTE:  RDT&E  =  research,  development,  test  and  evaluation. 

See  appendix  tables  4-18  and  4-19. 
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defense,  sea  control  and  undersea  superiority, 
advanced  land  combat,  synthetic  environments,  and 
t'  ;hnology  for  affordability. 

The  facilitation  of  spin-off  technologies  from  defense 
research  to  the  civil  and  commercial  sectors  is  specifical- 
ly acknowledged  as  part  of  this  SikT  strategy. 
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Independent  Research  and  Development,  In  addi- 
tion to  the  federal  RScD  oblij^ation  support  detailed  above. 
DOD's  Independent  Research  and  Development  (IR.^D) 
Program  enables  industry  to  obtain  federal  fundintr  for 
\<S:D  conducted  in  anticipation  of  government  defense' 
and  space  needs,  [because  it  is  initiated  by  private  eon- 
tractors  themselves.  lU^^i)  is  distinct  from  \<Sz\)  performed 
under  contract  io  trovemment  agencies  for  specific  pur- 
poses. [\<Sc\)  allows  contractors  to  recover  a  portion  of 
their  in-house  R.^I)  costs  throu.trh  overhead  payments  on 
federal  contracts  on  the  same  basis  as  general  and 
administrative  expenses.'-' 

Until  very  recently,  all  reimbursable  IK.^-D  projects 
were  to  have  "potential  militant  relevance,"  There  has 
been  some  concern  that  the  defense  drawdown  will 
serve  to  reduce  the  civilian  K^^l)  el'fort  (Cohen  and  Noll 
1992).  not  only  in  the  form  of  commercial  spillovers  from 
weapons  research  but — more  importantly — because  of 


•  Svf  '.Nit  lor  a  i)rii'l' (I('StTii)li«ni--<iiul  Winsloii  (HJN))  iuu' 

.Mc'xanck'r,  Hill,  and  liodilly  tU)8i))  lor  inori' driailcd  atvounis — ol  how 
ivimbursonicnt  tor  U<\\)  was,  ai  least  until  rircnily.  dt'RM'tnincd.  Tlu' 
fxaci  proccsN  and  criUTia  for  di'U'rniinin.Lr  rcitnburst'inctu  is.  as  ol  this 
writinu.  sonu'whai  in  flux,  llic  National  DctViist*  Autliorizaiion  Aci  lor 
Fiscal  Wars  1992  and  m?>  Um..  1()2-U)0)  provides  lor  ihe  irjadual 
removal  of  limitations  on  the  ainouiu  DOD  will  reimburse  foniraciors 
for  IK\I)  expenditures  and  partially  eliniinaies  the  need  for  advance 
aj^reemenls  and  technical  review  ol  iK.'a>  proj^rams. 


Figure  4-19. 

Independent  research  and  development 
costs  and  reimbursements 


Billions  of  constant  1987  dollars 


1960        1982        1984       1986        1968        1990  1992 


NOTE:  IR&D  =  independent  research  and  development. 
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ivductions  in  DOD  procurement  (sec  prcwioiis  section), 
out  of  which  IR.^I)  is  funded,  (liven  lh(^  importance  of 
IK.^I)  to  industry's  investment  in  critical  lechnolo.i^ics 
identified  by  DOI).  the  issue  has  received  con.irressional 
attention  as  well.'"  Thus,  with  these  concerns  in  mind, 
the  lilies  for  reimburscMuent  have  l)een  eased  (see  foot- 
note 4cS)  and  the  elifribility  criteria  broadened.  Re- 
imbursement is  now  permissible  for  a  variety  of  lU.^l) 
projects  of  interest  to  DOD  inchidin.i?  those  intended  to 
enhance  industrial  competitiveness,  develop  or  promote 
dual-use  technolot^ies.  or  provide  lechnolot^ies  for 
addressing  environmental  concerns. 

In  1992,  industrial  firms  \,ere  estimated  to  have 
incurred  S4,8  billion  in  \\<^\)  costs,  of  which  S  billion 
were  deemed  eligible  for  reimbursement.  The  t^overn- 
ment  reimbursed  S2.3  billion,  or  48  percent  of  the  IK.^1) 
total.''  Tliis  figure  is  up  from  the  37-|)ercent  share  (S0.9 
billion)  reimbursed  in  1980,  at  the  start  of  the  defense 
buildup.  Notably,  both  the  amounts  incurred  and  the 
amounts  reimbursed  have  held  rather  steady  since  1984: 
After  adjustin.tx  for  intlation.  howtn^r,  these  funds  have 
declined  considerably.  (See  tl^ure  4-19,)  As  an  ec|uivalent 
propoilion  of  combined  Don  and  NASA  industrial  \<Sc\)  suj> 
port.  IR.^1)  fell  from  11  percent  in  1984  to  8  percent  in 
1992.  (See  appendix  table  4-22,)  It  remains  unclear 
whether  chanties  in  the  rules  i^overnint^  IK^^l)  will  have 
their  intended  effect  of  maintainin.ix  this  industrial  activity, 

A  snapshot  of  the  Nation's  total  defense-related  K\l) 
expenditures  is  obtained  by  combinint^  bud.i^elaiy  data 
from  several  protxrams.  In  addition  to  the  federal  defense 
fundin^x  component,  a  substantial  amount  of  private  lunds 
supports  activities  with  detense  pun)()ses,  Ix'deral  chMense 
funds  comprise  Doi)  s|)endinc:  from  its  kD'lc^l-:  account  and 
DOH  R.^I)  for  its  atomic  enerijf\'  defense  activities.  As  previ- 
ously mentioned,  industn*  funds  considerable  lk\:I)  that  is 
only  partially  reimbursed  by  the  .i^overnment,  but  that 
nonetludess  has  potential  military  relevance  Addin.i^ 
together  IR.^l)  costs  that  are  (dther  reimbursed  as  over- 
head on  defense  contracts  or  not  reimbursed  increases  total 
defense  Kc^l)  by  10  percent  tor  1992.  (Sc^e  text  table 4-0.)  'Hie 


•1n  fiscal  \vi\r  H)i)l.  llu-  mililaiT  used  S:*).,s  Ijillion  of  ils  Science  and 
I'lrhiiohnry  Prnj^ram's  StS..")  billion  if^fairli  unal  on  suppuri  lor  unn^ 
HO  criliail  lirhnoloi^ics.  I'lH*  IV^^n.  iiulustry  coninklois  irporicd  iliai 
.S2.(l  billion  ill  IK.vD  and  S().,S  billion  in  bid  and  proposal  to^K  had  bms 
u^cd  to  addivss  ilic  criiical  icclnioloiry  .i^oals  in  Don's  plans.  Hid  and 
proposal  ai^is  aiv  those  inciuTt'd  in  pivparini:,  subniiilinii.  and  sup- 
|)ortin>x  bids  and  proposal^  on  poicniial  coniracls.  includinti  U't  hnical 
l)ackK'round  work  ((.\n  U)^)2a). 

IM..  lOl-.ilO.  I'lu'sc  chanijcs  also  apply  to  rcimbursenu'tn  eligibility 
lor  indusin  's  bid  and  propo^^al  overhead  costs. 

also  reimburses  some  cosis  and  closely  lollops  hoD  pro- 
cedures. During  the  HKSOs.  the  \'.\s.\  reinibursenienls  typically  ran  les^ 
ihan  5  jxTCeiU  ol'  those  by  Don.  Hie  daia  reported  here  are  lor  only  die 
10(1  or  so  major  del'ense  coniraclors  whose  accouiUs  are  audiled  and 
reported  by  the  Defense  Contract  Audit  .\ircncy.  in  accordance  vviih  IM. 
91441.  'Ilu'se  companies  account  lor  an  estimated  \)7  perceiii  of  all  IU\I). 

'lite  fiscal  year  1991  Defense  .Appropriaiions  Act  repealed  the  provi- 
sions that  rec|uire(l  collection  oi  deiailed  \\<\\)  statistics.  Kesiiondim:  lo 
con^jressiunal  concerns  dial  the  inl'ormaiion  not  be  lost  ((..V)  1992c). 
the  (lata  *;eries  has — to  tlate — been  maintained.  allhouKb  saniplinir 
coverage  has  been  reduced. 
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$44  billion  estimated  here  for  defense  would  be  equivalent 
to  29  percent  of  the  Nation  s  R&D  total. 

Defense  Conversion:  The  Technology  Reinvest" 
ment  Project  National  defense  policies  are  being 
reassessed  and  redefined,  especially  as  they  relate  to 
support  of  the  Nation's  joint  military  and  commercial  S&T 
interests.  In  particular,  large  amounts  of  money  are 
being  earmarked  to  help  smooth  the  transition  of 
defense-dependent  resources  to  commercial  and  civilian 
activities.  'Iliis  "defense  conversion  assistance"  reached 
approximately  $1.7  billion  in  fiscal  year  1993.^-^  Issues 
related  to  the  development  and  deployment  of  dual-use 
technologies— those  with  both  defense  and  nondefense 
applications— have  prominence  in  defense  conversion 
proposals. 

Certainly  the  larges^  and  most  notable  of  initial  tech- 
nology conversion  elf-.rts  is  the  government-wide 
Technologv'  Reinvestment  Project  (TRP).  Funded  in  1993 
with  almost  $500  million  taken  out  of  the  KDT&K  budget 
of  DOD's  Advanced  Research  Projects  Agency,  TRP  is  an 
extremely  complex  mix  of  nine  individual  programs 
whose  goal  is  to  bolster  the  economic  competitiveness  of 
defense-dependent  resources  and  increase  ne  availabili- 
ty of  dual-use  technologies  for  national  security  purpos- 
es.'*-* 

Like  KCCSCT,  TRP  is  a  multi-agency  cooperative  effort, 
which  is  led  by  AK.P.^  and  involvf  s  NASA,  DOE,  NSF,  NIST, 
and  the  Department  of  Transportation.  ARPA  has  primary 
responsibility  for  promoting  technology  development 
activities,  and  NMST  is  responsible  for  deployment  activi- 
ties through  its  already  existing  Manufacturing  Exten- 
sion Services. 

TRP's  nine  programs  span  the  spectrum  from  creation 
of  technologies  to  their  commercialization  and  use;  and 
from  education  and  technology  development,  including 
spin-on  and  spin-off  technologies,"^^  to  technology  deploy- 
ment, including  regional  outreach  efforts.  (See  ARPA 
1993  and  figure  4-20.)  Each  program 


"Defense  conversion  is  defined  as  the  process  by  which  the  people, 
skills,  technology,  equipment,  and  facilities  in  defense  are  shifted  into 
alternative  economic  applications.  (See  Defense  Conversion 
Commission  1992.)  Conversion  funding  goes  to  programs  covering  a 
wide  variety  of  activities  from  technology  development,  to  employee 
retraining,  to  economic  relief  for  communities  affected  by  defense 
plant  closings. 

'■•Authorizing  legislation  for  IRP  comes  from  title  IV  of  the  1993 
Defense  Appropriations  Act,  which  provides  for  eight  specific  pro- 
grams plus  a  T'/j-percent  small  business  set-aside  program.  Funding  is 
provided  through  AKP.Vs  advanced  technology  development  budget 
even  though  not  all  activities  in  TRP  can  rightly  be  considered  R&D. 
Hence,  not  only  are  expenditures  for  defense  versus  nondefense  R&D 
activities  becoming  increasingly  indistinguishable  in  formal  account- 
ing documents,  current  funding  trends  may  make  even  aggregate  R&D 
estimates  somewhat  suspect. 

•Technology  development  activities  are  intended  to  include  applied 
development  at  the  precompetitive  level:  basic  research  or  final  prod- 
uct development  proposals  are  not  funded  here.  Spin-on  activities  are 
those  that  demonstrate  the  defense  utility  of  existing  nondefense  com- 
mercially viah'e  technologies.  Spin-off  activities  are  those  that  demon- 
strate nondefense  commercial  viability  of  technologies  already  devei- 
^   „)ped  for  defense  purposes. 

ERJC 


Text  table  4-5. 

National  defense-related  R&D  support:  1992 


Billions 
—  of  dollars  — 


Defense-related  R&D  Investments   44.2 

Department  of  Defense  RDT&E   37.4 

Technology  base   4.1 

Research'   1.1 

Exploratory  development'   3.0 

Advanced  technology  development   6.2 

Strategic  programs   4.5 

Tactical  programs   13.5 

Intelligence  and  communications   4.6 

Defensewlde  mission  support   4.5 

Department  of  Energy  defense  R&D   2.7 

Basic  research   0.0 

Applied  research   0.9 

Development   1.8 

IR&D  with  potential  military  relevance   4.2 

Reimbursed  ceiling   2.3 

Unreimbursed  ceiling   1.9 


NOTES:  Details  may  not  sum  to  totals  because  of  rounding. 

IR&D  =  independent  research  and  development;  RDT&E  =  research, 

development,  test,  and  evaluation. 

Mn  Department  of  Defense  budgetary  documents,  "Research"  is  often 
referred  to  as  6.1  money,  and  "Exploratory  developmenf  as  6.2  money. 

SOURCES:  Department  of  Defense,  RDT&E  Programs  (R-l):  DOD 
Budget  for  Fiscal  Year  1994  (Washington,  DC:  The  Pentagon.  1993); 
DOD.  unpublished  tabulations;  and  Office  of  Management  and 
Budget, unpublished  tabulations. 
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♦  requires  competitive  awards; 

♦  contains  participation  and  organizational  require- 
ments  for  the  involvement  of  firms,  universities, 
nonprofit  organizations,  and  state  and  local  govern- 
ment agencies;  and 

♦  requires  at  least  50  percent  cost  sharing. 

The  three  largest  programs  collectively  account  for 
more  than  one-half  ($269  million)  of  total  TRP  funds. 
Rather  than  focus  on  developing  new  technologies,  each 
of  these  programs  is  concerned  partially  (Regional 
Technology  Alliances  Assistance  Program)  or  solely 
(Defense  Dual-Use  Assistance  Extension  Program  and 
Manufacturing  Extension  Program)  with  deploying 
existing  technology  for  near-term  commercial  and 
defense  products  and  processes. 

The  initial  indication  is  that  TRP  has  garnered  consider- 
able industry  interest.  More  than  2,800  proposals  were 
submitted  for  1993  funding.  Proposed  nonfederal  match- 
ing funds  totaled  $8.4  billion  in  combined  cash  and  in-kind 
contributions.  Tliis  amount  represented  a  16-fold  oversub- 
scription to  available  government  funds.  About  two-thirds 
of  the  proposals  (75  percent  of  funds)  dealt  with  develop- 
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Figure  4-20. 

R&D  funding  for  defense  conversion,  by  technology  reinvestment  program  and  activity  emphasis:  1993 
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SOURCE:  Technology  Reinvestment  Project.  Advanced  Research  Projects  Agency.  Program  Information  Package  for  Defense  Technology  Conversion. 
Reinvestment,  and  Transition  Assistance  (Arlington.  VA:  ARPA.  1993). 
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in;?  technologies,  and  one-fifth  of  the  proposals 
(in  terms  of  both  number  and  dollar  value)  focused  on 
deployment.  The  proposals  included  diverse  multi-insti- 
tution  and  multi-sector  research  teaming.  On  average, 
there  were  four  or  five  participants  per  TRP  proposal 
submitted. 

Industry  S&T  Linkages 

The  industrial  sector  is  both  the  largest  R&D  per- 
former and  the  major  R&D  funder  in  the  United  States. 


Changes  in  industry's  R&D  activities  therefore  are  not 
only  important  in  their  own  right,  but  also  as  a  barome- 
ter of  activities  likely  to  be  observed  in  all  sectors  of  the 
economy.  Since  the  mid-eighties,  there  has  been  a  slow- 
ing in  the  growth  rate  of  public  and  private  support  for 
industrial  R&D  activities.  Concurrent  with  the  funding 
slowdown — indeed,  partially  in  response  to  it — the  num- 
ber of  cooperative  research  relationships  among  the  vari- 
ous R&D-performing  sectors  of  the  economy  has 
increased  rapidly.  Within  the  industrial  sector,  firms 
have  forged  a  variety  of  domestic  and  international  coof> 
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lors  primarily  as  a  cosl-effcciive  means  ol  dovclopinR 
those  K^Mioric  technologies  crucial  to  lulure  sales 
i^rowth.  Companies  also  have  established  collaborative 
arrangements  with  laboratories  outside  of  industiy— 
including  government  and  university  labs— in  an  ongo- 
ing effort  to  develop  external  sources  of  \<^W  expertise, 
discover  commercially  viable  technologies,  and  leverage 
scarce  resources,  hi  this  section,  indicators  of  I'.S.  indus- 
try's intra-  and  inter-sector  K^D  partnerships  are  dis- 
cussed. The  discussion  closes  by  placing  the  I'.S.  indus- 
try \m)  eflbn  in  a  global  context. 

Industry-Government  Interactions 

Policies  of  the  Federal  Government  intluence  industri- 
al R&I)  activities  in  a  variety  of  ways.  Just  as  often,  howev- 
er, government  policies  are  themselves  a  response  to 
independent  changes  in  the  industrial  technological 
enterprise.  In  this  section,  three  components  of  industiy- 
government  SX-  T  interplay  are  discussed:  direct  \<.W  sup- 
port, tax  policy,  and  institutional  arrangements  for  the 
conduct  and  sharing  of  KtK:!).  The  focus  here  is  on  indica- 
tors of  collaboration  between  linns  and  federal  laborato- 
ries. The  following  sect*:  )ns  contain  indicators  of  other 
industiy  I<tS:l)  partners^  .;S  that  government  policy  helps 
foster. 

Direct  R&D  Support,  by  Industry,  From  the  eariy 
seventies  through  the  eariy  eighties,  the  share  of  indus- 
trial R.vcl)  activity  financed  by  the  Federal  Oovernment 
declined  rather  steadily  from  about  40  percent  of  the  per- 
formance total  to  about  a  30-percent  share  in  each  year 
from  mo  to  1984.  '-^  (See  figure  4-21.)  This  trend  was 
rev(Tsed  with  the  defense  buildup  of  the  1980s,  which 
brought  increased  funding  for  the  development  and 
ui)grading  of  military  technologies.  This  buildup  caused 
the  i)ercentage  gains  in  the  federal  RcK-I)  contribution  to 
first  keep  pace  with,  and  later  slightly  surpass,  the  pri- 
vate contribuUon.  Since  1987,  federal  support  to  industiy 
has  fallen  considerably— after  adjusting  for  inflation— 
and  industiy  s  K&I)  self-funding  has  been  basically  flat. 
(See"RX:I)  Funders.")  By  1993.  the  Federal  Government 
provided  just  one-fourth  of  the  money  used  to  fund 
industrial  \m)  performance:  private  financing  accounted 
tor  the  remaining  three-quarters  of  industry's  total  KX:I) 
expenditures. 

Two  industries  received  76  percent  ($19  billion)  ot 
total  federal  R&D  support  to  the  industrial  sector  ($25  bil- 
lion) in  1991,  the  most  recent  year  for  which  industry- 
specific  detail  is  available.  Aircraft  and  missile  companies 
received  a  combined  $15  billion:  firms  in  the  communica- 
tion equipment  industry  were  federally  funded  at  S4  bil- 


Figure  4-21. 

U.S.  Industrial  R&D  expenditures, 
by  source  of  funds 
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lion.  'Hie  hi^h  concentration  of  the  federal  \<S:\)  budget 
in  these  two  industries  stems  from  the  funding  piimacy 
of  DOI)  (see  text  table  4-3),  coupled  with  the  develop- 
ment emphasis  in  defens(»  \<S:\)  (see  fi^nu'e  4-14):  Such 
large-scale  projects  are  not  easily  spread  among  multiple 
firms  or  multiple  industries.  For  example,  only  4  percent 
($0.9  billion)  of  federal  1991  funding  to  industi'y 
went  to  firms  with  500  or  fewer  employers;  84  percent  of 
such  funds  went  to  firms  with  more  than  25,000  employ- 
ees. (Industry-specific  trend  data  are  displayed  in 
appendix  tables  4-31  through  4-33.  Industry-specific 
international  comparisons  are  analyzed  in  chapter  (S, 
and  federal  small  business  R<s;:l)  support  is  summarized 
in  "SBIR  Program  Continues  to  Fuel  Small  Business 
R&D.") 

Industries  vary  considerably  in  their  dependence 
on  federal  K.^I)  funding.  Not  surprisingly,  aircraft  and 
missile  companies  received  especially  large  portions 
of  their  R&l)  support  from  federal  sources— fully  70 
percent.  (See  figure  4-23.)  Forty  percent  of  per- 
formance in  the  communication  equipment  industry 
was  federally  funded,  as  was  28  percent  of  the  entire 


•niiese  figures  exclude  K^n  perfomiance  williin  the  various  indus- 
in'-adminislcred  l-l  W>cs.  Including  the  K.^::!)  performed  in  those  labs— 
wiiich  bv  definition  is  lOO-pcrcent  tedcrally  funded— the  federal  share 
(if  total  industr\'  \<k\)  performance  is  I  to  3  i)ercentat]:e  points  hijjher 
each  year. 

EMC 


'This  support  is  provided  larj^ely  under  the  aegis  ot  K.^D  federal 
defense  contracts.  Such  contracted  \<M)  expenditures  are  in  addition 
U)  \mu  overhead  allowances  to  industry  on  militai7  procurements  by 
the  gof'ep«r©nt.  See  '■Independent  Research  and  Development." 
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SBIR  Program  Continues  to  Fuel  Small  Business  R&D 


Small  business  is  a  significant  source  of  innovation 
and  a  successful  mover  of  R&D  results  into  new  prod- 
ucts. The  Small  Business  Innovation  Research  (SBIK) 
Program  was  created  in  1982  with  the  intent  of 
strengthening  the  role  of  small  firms  in  federally  sup- 
ported R&D.  Since  that  time,  more  than  $3  billion  in 
R&D  support  has  been  competitively  awarded  to  quali- 
fied small  businesses  (SBA  1992b).  Under  this  pro- 
gram, which  is  coordinated  by  the  Small  Business 
Administration  (SBA),  when  an  agency's  external  R&D 
obligations  (that  is.  those  exclusive  of  in-house  R&D 
performance)  exceed  $100  million,  the  agency  must 
set  aside  a  fixed  percentage  of  such  obligations  for 
SBIR  projects.  This  percentage  was  originally  1.25  per- 
cent, but  under  the  Small  Business  Research  and 
Development  Enhancement  Act  of  1992,  it  will  rise 
incrementally  to  2.5  percent  by  1997. 

To  obtain  funding,  a  company  applies  for  a  phase  I 
SBIR  grant:  Tlie  proposed  project  must  meet  an  agen- 
cy's research  needs  and  have  commercial  potential.  If 
approved,  grants  of  up  to  $50,000  are  made  so  that  the 
scientific  and  technical  merit  and  feasibility  of  an  idea 
may  be  evaluated.  If  the  concept  shows  potential,  the 
company  can  receive  a  phase  II  grant  of  up  to  $500,000 
to  develop  the  idea  further.  In  phase  III,  the  innovation 
must  be  brought  to  market  with  private  sector  invest- 
ment and  support.  No  SBIR  funds  may  be  used  for 
phase  III  activities. 

Eleven  federal  agencies  participated  in  the  SBIR 
Program  in  1991,  making  awards  totaling  $483  million, 
an  amount  equivalent  to  0.8  percent  of  all  government 
R&D  obligations.  Although  three-fourths  of  the  grants 
awarded  were  phase  I  grants,  roughly  75  percent  of 
total  SBIR  funds  were  disbursed  through  phase  II 
grants.  Approximately  half  of  all  SBIR  obligations  were 
provided  by  DOD,  mirroring  this  agency's  share  of  the 
federal  R&D  funding  total.  (See  appendbc  tablq  4-23.) 

By  most  accounts,  the  SBIR  Program  has  been  a  suc- 
cess. To  SBA's  favorable' self-assessment  of  the  pro- 
gram's commercialization  accomplishments  (SBA 
1992a)  is  added  generally  positive  critiques  from  non- 
agency  reviewers.  For  example,  the  General 
Accounting  Office  (1992b)  estimates  that,  through 


mid-1991,  the  SBIR  program  had  generated  $1.1  billion 
in  sales  and  additional  developmental  funding,  with  $2 
billion  more  expected  by  1993  year  end.  (The  program 
also  receives  positive  reviews  when  assessed  from  a 
state  economic  development  perspective;  see 
Anuskiewcz  19920 

SBA  classifies  SBIR  awards  into  various  technology 
areas.  (See  appendix  table  4-24.)  In  1991,  the  technolo- 
gy areas  receiving  the  largest  (value)  share  of  phase  I 
awards  were  information  processing  and  optical  lasers; 
information  processing  and  biotechnology  were  the 
leading  technology  areas  for  phase  II  awards.  In  terms 
of  all  SBIR  awards  made  during  the  1983-91  period, 
roughly  one-fifth  were  computer-related  and  one-fifth 
involved  electronics.  Both  of  these  technology  areas 
received  more  than  one-half  of  their  support  from  DOD 
and  NASA.  One-sixth  of  all  SBIR  awards  combined  went 
to  life  science  research,  the  bulk  of  such  funding  being 
provided  by  HHS.  Materials-related  research,  which  is 
funded  largely  by  DOE  and  NSF,  accounted  for  another 
sbcth  of  total  SBIR  awards.  (See  figure  4-22.) 

Figure  4-22. 

Small  Business  Innovation  Research  awards, 
by  technology  area:  1983-91 
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was  federally  funded,  as  was  28  percent  of  the  entire 
electrical  equipment  industiV.  The  Federal  Government 
also  provided  a  large  share  of  Rc^l)  funding  to  certain 
nonmanufacturing  industries.  In  1991,  it  supplied  near- 
ly one-third  of  the  R&D  funds  used  by  firms  whose  pri- 
mary activity  involves  and  testing  services  and 
more  than  one-fourth  of  the  R&D  funds  used  by  com- 
puter-related and  engineering  services  firms.  (See 
appendix  table  4-34.) 

:  149 


R&D  Tax  Credits.  In  addition  to  direct  financial  R&D 
support,  the  government  has  tried  to  stimulate  corporate 
spending  indirectly  by  offering  tax  credits  on  incremen- 
tal research  and  experimentation  (R&E)  expenditures.''' 
The  credit  was  first  put  in  place  in  1981  and  has  since 
been  renewed  six  times — most  recently,  through  the 


''Not  all  is  eligible  for  such  crodil.  wliich  is  limiled  lo  expondi- 
lures  on  laboratory  or  experimental  Ri^D. 


Science  &  Enqmeennq  tndicaiofs  -  ^993 


♦  119 


Figure  4-23. 

Share  of  industrial  R&D  funding, 
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end  of  June  1995.'"  AllhouRh  computations  ai'c  coni- 
plicatod,  the  tax  code  provides  for  a  2()-percent  credit  for 
the  amount  by  which  a  company  s  qualified  im)  exceeds 
a  certain  threshold.  *  The  Tax  Reform  Act  of  1986 
allowed  companies  to  claim  a  similar  credit  for  basic 
research  j^rants.  contributions.  ai:d  contracts  to  universi- 
ties and  other  qualifying  nonprofit  institutions;  this  cred- 
it also  is  in  effect  through  mid- 1995. 

As  part  of  the  federal  budget  process,  the  Treasury 
Depailment  annually  calculates  estimates  of  foregone  tax 
reverue  ("tax  expenditures")  due  to  j)referenlial  tax  pro- 
visions, including  the  KS^K  tax  credit.  As  one  measure  of 
budgetarv'  effect,  the  Treasury  provides  ouday-equivalent 
figures:  ITiese  allow  a  comparison  of  the  cost  of  this  tax 
expenditure  with  that  of  a  direct  federal  Rc^D  outlay.  (See 
"Definitions;')  Between  1981  and  1992.  more  than  $20  bil- 
lion was  provided  to  industry  through  this  indirect  means 


ERIC 


"Keflcclin«  llu'  tentative  political  suppurl  afforded  the  credit  since 
its  inception,  it  was  allowed  lo  expire  on  June  30,  1992.  Mcr  more  than 
■A  year  in  limbo,  the  credit  was  extended  by  ihe  Omnibus  Budget 
Reconciliation  Ac!  of  199!^  f(»r  ?j  years  retroactive  lo  July  1992. 

"Tlie  complex  base  structure  tor  calculating  qualified  k^il)  spending 
was  put  in  place  by  the  Omnibus  Budget  Reconciliation  Act  of  1989. 
With  various  exceptions,  a  company's  qualifying  threshold  is  the  prod- 
uct of  a  fixed-base  percentage  multiplied  by  the  average  amount  of  the 
company's  Kross  receipts  for  the  4  preceding  years.  Tlic  fixed-base 
percentage  is  the  ratio  of  lui-;  expenses  to  gross  receipts  for  the  1984- 
O   .period.  Special  provisions  cover  start-up  firms. 


of  federal  ILW  suppoil — an  amount  equivalent  to  about  3 
percent  of  direct  federal  R^^l)  support.  (See  appendix 
table  4-25.)  In  general,  based  on  data  available  through 
the  mid-eighties,  the  companies  that  took  the  most 
advantage  of  tlie  credit  were  large  firms  that  produce  sci- 
entific instruments,  office  and  computing  machinery, 
chemicals,  and  electiical  equipment  ((;ao  1989).'^' 

Technology  Transfer  and  Commercialization. 

Industry  representatives  (Burton  1992)  have  sounded 
the  call  to  open  federal  labs  up  to  private  enterprise  for 
the  benefit  of  the  entire  Nation.  At  the  heart  of  this 
debate  is  the  belief  that  the  $20-plus  billion  in  research 
activities  undertaken  by  government  have — if  properly 
focused  and  directed — commercial  applicability.  (See 
"Patterns  in  Federal  Lab  R&D  Performance.")  Federal 
concern  over  U.S.  industrial  strength  and  world  competi- 
tiveness has  thereby  catalyzed  efforts  to  transfer  tech- 
nologies developed  in  federal  laboratories  to  the  private 
sector.  Four  measures  of  the  extent  of  federal  technolo- 
gy commercializaiion  efforts  and  federal-industry  collab- 
oration are  presented  in  this  section — invention  disclo- 
sures, patent  applications,  cooperative  research  and 
development  agreements  (CRAl)As).  and  licenses  granted. 

The  term  "technolog\'  transfer''  can  cover  a  wide  spec- 
trum of  activities,  running  the  gamut  from  the  informal 
exchange  of  ideas  between  visiting  researchers  to  con- 
tractually structured  research  collaborations  involving 
the  joint  use  of  facilities  and  equipment.  Only  recently, 
however,  have  technology  transfer  activities  become  an 
important  mission  component  of  federal  labs — although 
some  agencies  have  long  shared  their  research  with  the 
private  sector  (e.g.,  I'SDA's  Agricultural  Research 
Experiment  Stations  and  NASA's  civilian  aeronautics  pro- 
grams), and  several  laws  passed  in  the  early  1980s 
encouraged  such  sharing  (notably,  the  1980  Stevenson- 
Wydler  Technology^  Innovation  Act). 

One  reason  for  this  new  emphasis  on  technology 
transfer  stems  from  practical  considerations:  Industiy  is 


■"In  an  early  assessment  of  the  tax's  effect  on  k&D  si)erKling,  Cordes 
(1989)  found  conllicting  evidence:  Studies  based  on  corporate  lax 
returns  and  on  aggregate  lime-series  modeling  indicated  significant 
stimulatory  effects;  considerably  more  moderate  results  were  indicat- 
ed from  studies  based  on  company-specific  time-series  analyses,  indus- 
try questionnaire  responses,  and  evidence  (rom  other  countries.  In 
contrast,  Hall  (1992)— using  more  recent  and  extensive  publicly  avail- 
able company-specific  data  on  \<.<l\)  spending — c-ondudes  that  the  lax 
credit  has  had  its  intended  effect,  although  it  took  several  years  for 
firms  to  fully  adjust  K\l)  spending  patterns  to  take  advantage  of  oppor- 
tunities provided  by  the  credit.  She  estimates  that  the  amount  of  addi- 
tional k.^-n  spending  induced  by  the  credit  was  twice  the  cost  in  fore- 
gone tax  revenue. 

Whatever  its  ultimate  inipact  on  RSc\)  spending,  the  tax  credit  has 
certainly  influenced  spending  less  than  had  it  been  less  subject  to 
erratic  legislative  treatment.  'Hie  tax  credit  has  had  to  be  repeatedly 
(almost  annually)  renewed,  its  calculation  provisions  have  changed 
considerably  over  the  years,  and  it  was  even  allowed  to  lapse  for  more 
than  a  year— all  of  which  circumstances  created  considerable  uncer- 
tainty for  businesses  that  would  otherwise  have  planned  to  take  the  tax 
credit-  ^ 
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i[Uen*sied.  U'deral  money  is  available,  and  ^(overnnient 
defense  labs  are  amenable  t,)  and  available  for  sucli 
activities  as  an  alternative  to  their  declining  defense 
work  (OTA  1993).  Another  reason  is  recent  legislative 
changes.  Wliereas  the  Federal  Technology  Transfer  Act 
(FITA)  of  1986  authorized  government-owned  and  -oper- 
ated laboratories  to  enter  into  Cl</\l)As  with  private  indus- 
try, it  was  not  until  the  1989  passage  of  the  National 
Competitiveness  Technology  Transfer  Act  (NXlTA).  that 
contractor-operated  labs  (including  uoi-:  s  ffrdcs)  could 
also  enter  into  ci^ADAs. 

According  to  most  available  indicators,  federal  efforts 
to  facilitate  private  sector  commercialization  of  federal 
technology  have  made  considerable  progress  since  1987, 
(See  figure  4-24.) 

♦  Tlie  number  of  active  ci^VDAs  between  federal  labs 
and  private  industry  increased  ninefold,  rising  from 
108  in  1987  to  almost  975  in  1991."-  NASA  (at  25  per- 
cent of  the  total)  and  I'SDA  (with  18  percent  of  the 
total)  accounted  for  the  largest  number  of  CK-AD.^s 
in  1991;  Doi:  s  aiM)A  total  rose  from  1  in  1990  to  43 
the  next  year. 

♦  P'^ederal  labs  increased  their  number  of  Invention 
disclosures"'  by  60  percent,  and  more  than  doubled 
their  number  of  patent  applications  between  1987 
and  1991.  DOI)  led  all  other  agencies  in  these 
efforts. 

♦  Tlie  number  of  exclusive  and  nonexclusive  licens- 
ing agreements  between  tlrms  and  federal  laborato- 
ries increased  by  100  percent.  DOK  granted  the 
largest  number  of  licenses  (351)  to  industry  in  the 
1987-91  period. 


Figure  4-24. 

Federal  technology  transfer  indicators 
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•Indusin-'^  rccfiU  inttresl  in  iVdcral  lab  lochnolot^ics  and  expertise 
is  (locunicim-d  by  Koessncr  and  Bean  (HHKJ).  lU-iwe-en  U)S8  and  m2. 
ihere  was  a  significant  increase  in  both  lornial  (cooperative,  contract 
and  sponsored  research,  technology  licensinji.  and  employee 
exchange)  and  informal  (information  dissemination,  company  visits  to 
federal  labs,  seminars,  and  technical  consultation)  interactions 
between  federal  labs  and  industrial  firms.  And  although  the  frequency 
i)f  informal  iateraclion  was  niori'  e'Xlensive.  cooperative  research  with 
federal  labs  apparendy  holds  much  promise  among  company  research 
directors.  More  than  70  percent  of  them  agreed  v/ith  this  view  in  1992: 
only  3r)  percent  of  these  directors  had  held  this  opinion  in  1988. 
Significantly,  about  40  percent  of  the  1992  industry  respondents  said 
that  their  labs  had  interacted  "rarely"  or  not  at  all  with  federal  labs  dur- 
ing? the  past  2  years.  In  1988.  that  proportion  was  virtually  identical. 
Tlie  authors  nole  that  companies  with  relatively  extensive  experience 
in  working  with  federal  labs  have  increased  the  frequency  of  their 
interaction— familiarity  has  bred  collegialily.  Tlie  greatest  increases  in 
such  interactions  have  been  in  licensing  and  cooperative  research. 

"'Office  of 'IVchnolog}'  Commercialization  (1993b).  These  figures 
include  nAs.as  cooperative  K&t)  agreements  which  are  authorized  by 
the  National  .'\eronautics  and  Space  Act  of  1958.  Excluding  the  N.ASA 
totals,  there  were  731  active  cKAI).\s  in  1991.  As  of  mid-1993,  those  10 
agencies,  excluding  NAS.a.  that  have  elected  to  use  CR.\I)As  had  1.5(K) 
active  or  completed  CKADAs  ((iranl  Stockdalc.  monthly). 

"'Under  its  Disclosure  Document  Program,  the  Patent  and  Tradt^ 
mark  Office  accepts  and  preserves  for  a  2-year  period  papers  disclos- 
\nfi  an  invention,  pending  the  filing  of  an  application  for  a  patent 
(Patent  and  Trademark  (Office  1989).  lids  disclosure  is  accepted  as 
evidence  of  when  the  invention  was  conceived;  it  does  not,  however, 
provide  any  patent  protection. 
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Industry-University  Partnerships 

Since  the  late  seventies,  there  has  been  a  considerable 
increase  in  industry's  interactions  with  university 
researchers.  By  supporting  academia,  industry  gains 
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access  to  both  cultinj^-ed^e  rcsearcli  aiui  a  ciownslream 
fmploymenl  pool.  For  enircprcneurial  university  re- 
searchers, induslr>'  collaboration  offers  an  additional 
source  of  fundini^  and  intellectual  stimulation,  access  to 
state-of-the  an  facilities,  and  special  educational  opportu- 
nities for  their  students,  IndustiT-university  interactions 
have,  during  the  past  decade  or  so,  benefited  from  a  vari- 
ety of  federal  and  state  pro.i^rams  S(»t  in  place  explicitly  to 
iMicourape  sueh  collaboration/  ' 

Two  indieators  of  the  expandinj^  industiy-university 
network  are  (I)  industry's  academic  R.^i)  funding  sup- 
port in  ^reneral  and  (2)  the  ^rowlh  of  university-industiy 
researeh  centers  (I  IRCs)  in  particular. 

Nationwide,  industrial  sources  of  support  for  academic 
Ki^I)  have  ^rown  faster  than  all  other  sources  of  support, 
increasinj^  more  than  300  percent  in  constant  dollars 
from  1978  to  1993.  In  contrast,  support  from  other 
sources  has  doubled  durinjT  this  Ij-year  period.  (S(*e 
appendix  table  V.).)  There  has.  howevcT.  been  some 
recent  slowing  in  the  rate  of  industrial  fundinj^  growlh, 
from  annual  averaj^e  .trains  of  12.3  i)(M-cent  between  1978 
and  1986,  to  an  estimated  7.8-pereent  increase  per  year 
since  then,  rhis  deceleration  in  industry's  academic 
research  support  parallels  broader  trends  in  industrial 
\<^l)  fundinj^  documented  elsewhere  ("R&D  Funders") 
As  a  proportion  of  the  Nation  s  total  academic  K^^I)  effort, 
iiKlustrv'  sources  of  support  increas(*d  from  3  percent  in 
1978  to  an  estimated  7  percent  (or  $1.5  billion)  in  1993. 

Although  research  funds  ar(^  distributed  to  academic 
investigators  through  various  means,  it  would  ai)pear 
that  the  most  used  mechanism  by  far  is  via  industry 
funding  of  university-affiliated  research  or  technology 
centers.  From  a  comprehensive  national  survey,  Cohen, 
Florida,  and  (ioe  (1993)  estimate  that  the  l,()00-plus 
l  IKCs  existing  in  1990  expended  S2.7  billion  on  K.^D 
activities.  'Fhis  research  was  funded  out  of  an  estimated 
total  I  IRC  budget  of  S4.3  billion;  most  of  the  remaining 
budget  was  spent  on  l-IRC  education  and  training  activi- 
ties, hidustry  funded  31  percent  of  riRCs'  total  budget 
(see  figure  4-25)  which  is  a  share  that  far  exceeds  indus- 
try's overall  7-percent  academic  H.W  funding  share. 
Furthermore,  the  sheer  number  of  l;iRCs  established  in 
the  198()s— four  times  more  than  the  number  founded  in 
the  197()s— attests  to  the  growing  importance  of  these 
industr\'-university  partnerships.  Other  findings  of  the 
centers  study  follow. 


•  'See  Ns!i  (U)91).  chapter  4,  lor  a  brief  review  ol  the  extent  ol"  state- 
inilialed  activities.  An  important  component  of  most  state  teclinolojry 
(levelopmenl  strategies  is  to  provide  fundin;:  and /or  organizational 
support  lor  linking:,  and  thereby  buildinj,'  on.  existing  in-state  academic 
research  and  industrial  technological  strengths.  Kurtherniore.  over  the 
past  two  decades.  NM"  initiated  several  programs  in  engineering  and 
other  disciplines  to  build  research  centers  at  universities  partly  to 
encourage  interdisciplinarv-  research  and  partly  to  stimulate  interaction 
belv;een  academia  and  industry.  For  further  information  on  the  impact 
ot  government  s  technology  policies  on  industry-university  research 
0  '  Uionships.  see  (iovemmenl-Universitv-Industry  Research  Roundtable 

ERIC 


Figure  4-25. 

Growth  in  university-industry  research  centers, 
and  source  of  funds 

Number 


Prior  to      1950-59       1960-69       1970-79  1980-89 
1950 

Y««r  of  founding 

NOTES:  Data  are  for  centers  existing  in  1990.  Of  an  estimated  1 .058 
centers,  458  provided  funding  data  and  494  provided  founding  data. 

SOURCE:  W.  Cohen,  R.  Florida,  and  W.R.  Goe.  "University  Industry 
Research  Centers  in  the  United  States:  Final  Report  to  the  Ford 
Foundation  ^Pittsburgh:  Carnegie  Mellon  University.  1993). 
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♦  Company  involvement  in  riRCs  is  widespread:  'Hie 
average  number  of  businesses  participating?  per  cen- 
ter in  1990  was  17.3.  and  the  median  was  6. 

♦  riRC  R^JcO  effort  is  divided  roughly  into  43  per- 
cent basic  research.  41  percent  applied  research, 
and  16  percent  development. 

♦  Centers  are  involved  in  a  broad  range  of  activities, 
not  all  of  which  would  be  considered  high-technol- 
ogy areas.  Of  the  502  I'iRCs  reporting  this  informa- 
tion. 42  percent  undertook  R&D  related  to  the 
chemicals  and  pharmaceuticals  industry,  35  per- 
cent reported  doing  R^^l)  related  to  computers.  29 
percent  to  electronic  equipment.  29  percent  to 
petroleum  and  coal  products,  and  26  percent  to 
soft-ware. 

♦  A  main  reason  industry  support  was  sought  by  uni- 
versities was  to  offset  what  is  perceived  to  be  inade- 
quate research  funding  from  government.  Yet  72 
percent  of  the  L'lRCs  were  established  either  wholly 
or  partially  based  on  funding  provided  by  the  federal 
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or  state  government;  of  those.  83  percent  indicated 
that  they  would  not  have  been  established  in  the 
absence  of  j^overnment  fundinp:. 

♦  Amon.e:  the  most  effective  mechanisms  for  technol- 
o^^y  transfer  are  collaborative  projects  and  in- 
formal meetings  between  university  and  industry 
researchers. 

Industry-Industry  Partnerships 

Althou^ih  longitudinal  data  on  multi-firm  collaborative 
R&D  activities  are  wanting,  there  is  significant  anecdotal 
evidence  to  indicate  considerable  increase  in  such  part- 
nerships, 'riiere  is  also  a  growing  body  of  literature  that 
assesses  the  reasons  for  the  increase  in  these  partner- 
ships, their  organizational  stiiicture.  and  their  economic 
and  political  implications.""  Most  intra-industry  collabora- 


Scc.  for  vKaiui)k'.  Link  and  Bainn"  (li)89)  and  Vonortas 


Figure  4-26. 

Growth  in  R&D  consortia  registered  under  the  National 
Cooperative  Research  Act 


'1985   1986    1987    1988    1989    1990    1991    1992  1993 


NOTE:  Unshaded  part  of  1993  total  estimated  from  filings  as  of  June  1993 
(shaded  part  of  bar). 

SOURCE:  Office  of  Technology  Commercialization.  Department  of 
Commerce,  Research  and  Development  Consortia  Registered  Under  the 
National  Cooperative  Research  Act  of  1984  (Washington.  DC:  DOC.  1993). 
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tions  seem  to  be  a  response  to  the  same  competitive  fac- 
tors affectinjT  all  industries:  rising  U&D  costs  and  risks  in 
product  development,  shortened  product  life  cycles, 
increasing  multidisciplinary  complexity  of  technolo^ncs. 
and  intense  foreign  competition  in  domestic  and  global 
markets.'"'  It  also  would  appear  that  most  cooperative 
research  is  not  meant  to  substitute  for.  but  rather  to 
complement,  firms'  in-house  research  activities,  hi  this 
section,  several  indicators  on  national  and  international 
intra-industry  cooperative  R^D  are  discussed. 

Domestic  R&D  Consortia,  r.s.  industry  has  benefit- 
ed from  certain  federal  provisions  enacted  to  create  a 
more  favorable  environment  for  multi-firm  cooperative 
relationships,  the  most  notable  being  the  National 
Cooperative  Research  Act  (NCI^\)of  1984.  NCRA  encour- 
ages research  collaboration  among  industry'  competitors 
by  better  defining  joint  K&l)  ventures  ORVs)  and  protect- 
ing them  from  antitrust  suits.***'  Tlirough  June  1993.  more 
than  350  filings  of  U.S.  cooperative  research  ventures  had 
been  registered  under  the  act  (Office  of  Technology 
Commercialization  1993a).  Alter  an  initial  rush  to  regis- 
ter in  1985.  the  number  of  filings  fell  off  significantly  in 
the  next  few  years.  However,  since  1989,  the  number  of 
registered  JR\'s  has  grown  annually,  and  had  surpassed 
its  1985  level  by  1991.  (See  figure  4-26.) 

Up  to  half  the  filings  are  for  project-specific — often 
Uvo-member — ventures,  not  all  of  which  are  currently 
ongoing.  Many  of  the  other  .IRV  formal  filings  have  been 
made  by  firms — or  their  research  organizations — in 
three  regulated  utility  industries — telecommunications, 
electric  power,  and  gas/oil.  Nonetheless,  SCiiA  does  seem 
to  have  encouraged  growth  in  the  number  of  multi-firm 
K.^I)  consortia  whose  focus  is  generic,  precompetitive 
research  projects;  and  joint  research  ventures  have  hvvn 
registered  in  industries  with  activities  as  diverse  as  software, 
pharmaceuticals,  semiconductors,  sensors,  and  forest 
products.""^  .\n  indeterminate  number  of  the  registered 
consortia  have  gained  federal  support,  including  some  of 
the  more  well-known  endeavors  such  as  DOD's  funding 
for  Sematech  and  DOK's  participation  in  the  Advanced 
Batterv  Consortium.'*'' 


""See  Doii^Has  for  «i  concise  summan*  of  the  bcncnis  ot  R\l) 

collaboration,  and  Moweiy  (U)89)  on  research  collaboration  between 
i'.^.  and  foreiffn  tlnns. 

■NCkA  states  that  lUVs  will  not  auioniatically  be  considered  illegal  as 
anti-competitive,  but  th«it  such  consortia  will  be  judged  after  wel^hin^^ 
potential  benefits  and  costs.  Further.  \cii.\  limits  potential  liability  for 
JKV  behavior  that  ultimately  is  ruled  anti-conipetUive  to  actual  cosis 
rather  than  treble  damafjes  as  is  otherwise  the  norm.  See  Link  and 
Tassey  (1989). 

•^The  full  extent  of  domestic  multi-firm  research  collaboration  is 
unknown.  In  fact,  one  somewhat  outdated  estimate  holds  that  up  to  9(» 
percent  of  all  I'.s.  industr>'  cooperative  research  arranpeinenis  in 
were  informal  partnerships  (Link  and  Bauer  1989). 

'•"Unfortunately,  there  docs  not  seem  to  bf^  a  comprrhensivi'  list  on  fed- 
eral participation  in.  and  support  to.  the  various  industry  K\l)  consortia. 
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Figure  4-27. 

New  transnational  corporate  technology 
alliances,  by  industry  and  region 
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International  Strategic  Technology  Alliances/'' 
Alongside  growth  in  domestic  collaborative  K&D  activi- 
ties during  the  1980s  and  into  the  early  1990s,  there  is 
evidence  of  a  sharp  increase  in  transnational  joint 
research  funding  throughout  the  industrialized  world. 
The  number  of  international  multi-firm  R&l)  alliances 
grew  from  86  in  1973-76,  to  177  in  1977-80.  to  509  in 
1981-84,  to  988  in  1985-88  (Hagedoorn  1990). 

As  the  numbers  have  increased,  the  forms  of  coopera- 
tive activity  lias  changed  somewhat.  Tlie  rnost  prevalent 
modes  of  global  industrial  K^D  cooperation  in  the  1970s 


were  through  joint  ventures  and  research  corporations. 
In  these  arrangements,  at  least  two  companies  share 
equity  investments  to  form  a  separate  and  distinct  com- 
pany: profits  and  losses  are  shared  according  to  the  equi- 
ty investment. In  the  second  half  of  the  1980s,  joint 
nonequity  K^^-I)  agreements  became  the  most  important 
form  of  partnership.  Under  such  agreements,  two  or 
more  companies  organize  joint  R&D  activities  to  redtice 
costs  and  minimize  risk,  while  pursuing  similar  innova- 
tions. The  participants  share  technologies  but  have  no 
joint  equity  linkages. 

Formation  of  these  so-called  strategic  technology 
alliances  (both  equity  and  nonequity  arrangements)  are 
particularly  extensive  among  high-tech  firms.  Splitting 
the  past  decade  into  two  quinquennia  (1980-84  and  1985- 
89)  reveals  growth  in  international  research  collabora- 
tion by  firms  in  a  variety  of  industries,  with  especially 
steep  rises  in  biotechnology  and  information  technology 
areas.  (See  figure  4-27.)  The  largest  regional  growth  in 
R.^D  cooperation  was  between  U.S.  and  European  firms. 
However,  there  also  was  considerable  partnership  activi- 
ty between  U.S  and  Japanese  firms.  There  were  some- 
what fewer — but  still  a  substantial  number  of — 
European-Japanese  strategic  technology  alliances. 

U.S.  Industry's  Overseas  R&D.''  Stiff  international 
competition  in  research-intensive  and  high-technology 
products  has  compelled  U.s,  industry  to  expand  its  over- 
seas research  activities.-'^  Much  of  the  R&D  undertaken 
abroad  is  not  meant  to  displace  domestic  R&D,  but  rather 
to  support  overseas  business  growth — for  example,  to 
help  in  tailoring  products  for  the  specific  needs  of  for- 
eign customers. 

From  1980  to  1991.  r.S,  firms  generally  increased  their 
funding  of  R&D  performed  outside  of  the  country.  (See 
appendix  table  4-40.).  During  the  first  half  of  this  period, 
however,  the  overseas  funding  growth  did  not  keep  pace 
with  the  rise  in  company-financed  R&D  performed  within 
the  United  States.  Instead,  company-financed  R&D  per- 
formed abroad  was  equivalent  to  10  percent  of  the 
domestically  performed  total  in  1980  and  declined  steadi- 


'  Information  in  this  section  is  drawn  from  an  cxtcMisivt*  database 
compiled  in  the  Netiicrlands  (Maastricht  Kconomic  Research  Institute 
on  Innovation  and  Technolojry's  Co-Operative  A^'reements  and 
Technolo^^*  hulicators  database— Ml- RlT-CATl)  on  nearly  lO.O(K)  inter- 
firm  cooperative  agreements  involving  3.500  different  parent  compa- 
nies. In  the  CAll  database,  only  inter-firm  agreements  that  contain 
some  arranjjements  for  transferring  technolojjy  or  joint  research  are 
collected.  The  data  summarized  here  (from  Ha^t'doorn  and 
Sehakenraad  1993)  are  restricted  to  strategic  technology  partnerships 
such  as  joint  ventures  for  which  R.^h  or  technolopry  sharinp  is  a  major 
objective,  research  corporations,  joint  K.vD  pacts,  and  minority  hold- 
infjs  coupled  with  research  contracts.  C.VII  is  a  literature-based 
database;  its  key  sources  are  newspapers,  journal  articles,  books,  and 
specialized  journals  that  report  on  business  events.  CAn's  main  draw- 
backs and  limitations  are  that  (1)  data  are  limited  to  activities  publi- 
cized by  the  finn,  (2)  aRrccments  involvinK  small  firms  are  likely  to  be 
underrepresentcd.  (3)  reports  in  the  popular  press  are  likely  to  be 
incomplete,  and  (4)  it  probably  reflects  a  bias  because  it  draws  primari- 

Q  '  from  KnKlish-lanRuaj(e  materials.  CAIl  ini()rmation  should  therefore 

I  J      viewed  as  indicative  and  not  comprehensive. 

mam  j  \ 


'Joint  ventures  are  companies  that  have  shared  K<K:I)  as  a  specific 
company  objective,  in  addition  to  production,  marketing,  sales,  etc. 
Research  corporations  are  joint  R&I)  ventures  with  distinctive  research 
programs. 

-The  indicators  discussed  here  reveal  the  j?rovvth  in  industrial  ^rlob- 
al  K&n  activities.  Public  sector  international  SvVr  linkages  are  also  on 
the  rise.  See.  for  example  Carnegie  Commission  (1992b)  for  a  review 
of  recent  trends  in  f.h.  foreign  ^x^iT  policy,  including  a  summary  of  sev- 
eral indicators  (for  example,  changes  in  State  Department  S&T  staffing 
and  the  number  of  international  Sv^iT  agreements).  See  also  the  short 
oi-.cn  treatise  (1993b)  and  I'C/\ST  (1992)  on  big  science  funding.  'Die 
high  costs  of  scientific  megaprojects  increasingly  necessitates  interna- 
tional collaboration. 

'Companies  consider  several  factors  before  undertaking  R.<ii)  over- 
seas: Market  access  and  accommodation  of  local  requirements  are  but 
two  of  these  factors.  Tax  and  regulatory  policies,  as  well  as  the  avail- 
ability of  trained  researchers  and  access  to  new  scientific  and  techno-  • 
logical  developments  in  other  countries,  also  influence  Ml)  location 
decisions. 
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Figure  4-28. 

U.S.  overseas  R&D  as  a  share  of 
company-financed  domestic  R&D,  by  industry 
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ly  lo  a  low  of  6  percent  by  1985.  Since  then,  however,  r.s. 
firms*  overseas  Rc^-D  component  has  increased  nine  times 
faster  than  that  performed  domestically  (11.4  versus  1.3 
percent  avera^re  annual  constant  dollar  f^rowth  between 
1985  and  1991).  Overseas  RcV:l)  is  now  equivalent  to  more 
than  11  percent  of  industry  s  on-shore  KcV!:!)  expenditures. 
(See  fii,nire4-28.) 

r.s.  companies  and  their  foreign  subsidiaries  in  the 
chemicals  (including  daij^s  and  medicines),  transporta- 
tion, and  machinery  (includinjr  computers)  industries 
account  for  the  largest  shares  and  growth  of  this  foreign- 
based  KcVrP  activity.  Indeed,  drug  companies  accounted 
for  19  percent  of  total  1991  overseas  \<S:D  ($8.7  billion), 
which  was  equivalent  to  27  percent  of  the  industry's 
domestically  financed  Kc^I).  Nonmanufacturing  industries 
had  the  lowest  share  of  privately  financed  \<^\)  conduct- 
ed overseas,  despite  a  fivefold  increase  in  this  share 
since  1985— rising  from  (14  to  2.0  percent  in  1991. 

Most  of  the  overseas  Rc^l)  is  undertaken  in  Europe. 
As  indicated  by  data  from  the  Bureau  of  p:conomic 
Analysis  (l^l-:.\)  on  majority-owned  foreign  affiliates  of 
nonbank  I'.s.  multinational  companies.  76  percent  of  the 
1991  Ri^I)  total  was  performed  in  luiropc^—primarily  (i(T- 
many  (27  percent),  the  United  Kingdom  (17  percent), 
France  (9  percent),  and  h'eland  (5  percent).  By  affiliate 
industry  classification,  more  than  one-half  of  the  German- 
based  Rc^l)  was  performed  by  transportation  equipment 
companies;  in  the  United  Kingdom  and  France,  the 
chemicals  industry  accounted  for  more  than  one-third  of 


the  totals;  in  Ireland,  computer-reflated  research  domi- 
nates. RcVcI)  in  Canada  accounts  for  11  percent  of  U.S 
companies'  1991  Rc^l)  performed  abroad,  and  that  in 
Japan  for  6  percent."^  (See  text  table  4-6  and  appendix 
table  4-41.) 

According  to  HK.\  (Mataloni  1992).  the  majority-owned 
foreign  affiliate  share  of  I'.s.  multinational  conipanies' 
worldwide  RcV:l)  expenditures  increased  from  9  percent  in 
1982  to  l?>  percent  in  1990.  This  increase  reflects  both 
the  faster  groNvth  in  foreign  operations  than  in  I'.s.  opera- 
tions and  the  introduction  of  I'.s.  computer  manufactur- 
ers to  foreign  research  consortia  as  they  sought  to  share 
the  cost  of  developing  new  technologies. 

Foreign  R&D  in  tlie  United  States:'  Since  1981,  the 
percentage  of  industry  Rc^-D  expenditures  financed  from 
foreign  sources  has  risen  considerably  in  each  of  the 
seven  largest  Rc^cD-performing  coiuitries  except  japan- 
Foreign  \<^\)  accounts  for  more  than  10  percent  ol' 
industiT's  1990  total  in  the  United  States.  Canada,  the 
United  IsJngdom,  and  Frances  and  for  more  than  3  i)er- 
cent  of  industry  funds  in  Italy  and  (Germany.  Indeed, 
according  to  orXD  data  (1993a)  on  the  12  nations  that 
comprise  the  European  Community,''*  the  combined 
share  of  their  industries'  RSzl)  performance  that  is  for- 
eign controlled  has  risen  from  less  than  5  percent  in 
1981  to  8  percent  in  1990.  The  foreign  component  of 
Japan's  domestic  industrial  H^D  performance  has  held 
steady  during  the  1981-91  period  at  about  O.I  percent. 
(See  figure  4-29  and  "R&D  Funding  by  Source  and 
Performer,") 

Like  I'.S.  firms'  overseas  Rv^I)  funding  trends,  R.^D 
activity  by  foreign-owned  companies  in  the  United  States 
has  increased  significantly  since  the  early  eighties.  From 
1980  to  1990,  inflation-adjusted  \m)  growth  from  foreign 
firms  (r.s.  affiliates  in  which  the  foreign  parent  owns  10 
percent  or  more  of  the  voting  equity)  averaged  14  per- 
cent per  year,  or  more  than  three  times  the  rate  of 


'These  ov(^rseas  K.^D  country  sl^arcs  are  ironi  the  l^KA  sur\'ey  on 
I  .s.  Direct  liivesuiieni  Abroad  annual  s(Ties).  not  llio  \sr  data 
series  from  which  industry-specific  shares  are  taken.  The  dell  nil  ion 
used  by  \\v.\  for  K\I)  expenditures  is  from  the  Financial  Accounting 
Standards  Board  Statement  No.  2\  these  expenditures  include  all 
char^jes  for  R\l)  i)erformed  for  the  benefit  of  the  affiliate  by  the  affdi- 
aie  itself  and  by  others  on  contract.  HK.A  detail  are  available  lor  1982. 
aiul  annually  since  1089.  NM-  rei)orts  a  1991  overseas  K.nlD  total  of  S8.7 
billion:  Hi- A  estimates  overseas  K.K:!)  expenditures  by  f.s.  companies 
and  their  forei.tin  aftiruites  at  S9.  t  billion. 

For  countries  other  than  the  l"nited  Slates,  the  data  in  this  section 
are  taken  from  OIXD  (1993a).  Il^e  foreiKn-sourced  K\l)  data  for  the 
I'nited  Stales  come  from  an  annual  survey  of  Foreijjn  Direct  Invrsl- 
meiu  in  the  I'niled  Stales  coiuiucted  by  hl-.A.  HKA  reports  that  the  for- 
eij?n  K.^I)  totals  are  comparable  to  ihe  i'.s.  business  daia  pub- 
lished by  NSK.  hulusiry-specific  comparisons,  however,  are  limited 
due  to  differences  in  the  industry  classifications  used  by  the  two  sur- 
veys. (SeeQiiijatU)  1990.) 

"Fhese  countries  are  Fk*lKium,  Denmark.  France.  Gennany.  (ireece. 
Ireland,  Ilalv,  Luxembourjj.  the  Nelheriands.  PortURal.  Spain,  and  the 
t'niied  KinRdom.  See  also  oi-.CD  0992)  for  a  discussion  ol  inlernalional 
Uvvl)  inveslmenl  trends. 
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Text  table  4-6. 

R&D  performed  for  majority-ovyned  foreign  affiliates  of  U.S.  parent  companies,  by  selected  corntry 
and  industry  of  affiliate:  1991 

Manufacturing 

All  Total  Electrical  Transportation 

Country  industry    manufacturing    Chemicals    Machinery    equipment      equipment  Services 

 Millions  of  dollars  

Total   9,358  8.057  2.354  1,443  737  2,220  502 

Europe   7,109  6.208  1,836  1.094  465  1.888  468 

Germany   2.503  2.384  267  270  118  1,443  70 

United  Kingdom   1.612  1,377  540  195  52  325  136 

France   871  685  434  36  27  55  10 

Ireland   573  D  15  513  24  0  D 

Italy   327  285  144  23  31  42  24 

The  Netherlands   477  314  97  5  D  4  148 

Canada   1.037  854  217  D  78  227  6 

Asia  and  the  Pacific   914  717  231  99  165  43  26 

Japan   595  451  174  38  120  4  5 

Singapore   87  70  1  46  24  0  7 

Australia   144  122  39  6  6  D  7 

Latin  America   253  239  61  D  11  62  1 

Brazil   149  148  21  21  7  D 

Mexico   64  57  21  D  4  D  * 

Middle  East'   30  26  2  3  18  0  1 

Africa^   J5  13  8  2  0  j  0 

*  =  less  than  S500.000:  D  =  withheld  to  avoid  disclosing  operations  of  individual  companies. 

NOTES-  Data  are  preliminary  and  include  foreign  direct  invastments  of  nonbank  U.S.  affiliates  only.  Data  are  from  the  Bureau  o*  Economic  Analysis;  the 
National  Science  Foundation  estimates  that  R&D  performed  abroad  for  U.S.  companjes  and  their  foreign  affiliates  totaled  S8.7  billion  in  1991. 

'Ninety  percent  of  the  R&D  total  Is  undertaken  m  Israel. 

'Eighty  percent  of  the  R&D  total  is  undertaken  m  South  Africa. 

SOURCE:  Bureau  of  Economic  Analysis.  Department  of  Commerce.  U.S.  Direct  Investment  Abroad:  Operations  of  U.S.  Parent  Companies  and  Their  Foreign 
AMafes  (Washington.  DC-  Government  Printing  Office.  1993) 


growth  in  domestic  R&D  activities  by  r.S.  companies  (4.4 
percent).  • 

Much  of  this  foreign  R&D  growth  was  undertaken  dur- 
ing the  last  half  of  the  decade,  just  as  U.S.  firms'  domestic 
R&D  investments  were  falling  off.  As  a  result,  foreign  R&D 
was  equivalent  to  11  percent  of  the  total  industrial  R&D 


"hi-..\  considers  all  of  an  investment  findudin;^  K&D)  to  be  foreign  if 
10  percent  or  more  of  the  mvestinj?  r.s.-incorporated  firm  is  foreign- 
owned.  'Hiese  KA:b  expenditures  arc  reported  in  appendix  lable  44: k 
Special  tabulations  were  prepared  by  nVA  to  reveal  R&D  expenditures 
in  the  I'nited  Slates  of  those  firnis  in  which  there  is  majority  forcij^n 
ownershij>— i.e..  ")()  percent  or  more.  I- or  1990.  the  10-percent  forei;?n 
ownership  threshold  results  in  an  estimated  $11.3  billion  foreipn  Kvvi) 
investment  total.  R^'tl)  expenditures  of  majority-owned  r.S.  affiliates  of 
foreign  companies  were  $8.4  billion. 

Funding  trends  of  these  two  groupings  are  quite  similar.  From  1980 
to  1990.  inflation-adjusted  R&D  spending  ol  majority-owned  foreign 
tlrms  was  up  3.^30  percent,  whereas  that  of  firms  with  10  percent  or 
more  forcigi^  ownership  (including  majority-owned  firms)  rose  slightly 
^    rc.  370  percent.  See  appendix  table  4-45. 
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performance  in  the  United  States  in  1990 — almost  double 
that  of  its  equivalent  6-percent  share  in  1985.  Alter- 
natively, as  a  percentage  of  total  foreign  and  U.S.  firms 
industrial  'R&.D  funding,  foreign  companies  accounted  for 
15  percent  in  1990  (majority-owned  affiliates  accounted 
for  -11  percent)  compared  to  a  9-percent  share  in  1985. 
Although  the  R&D  flows  from  other  European  countries 
also  increased  steadily  over  the  past  decade,  80  percent 
of  this  foreign  funding  came  from  five  countries — 
Canada,  the  United  Kingdom,  Germany,  Switzerland, 
and  Japan.  Japanese  firms  increased  their  R&D  invest- 
ment in  the  United  States  more  rapidly  than  did  compa- 
nies from  the  other  nations. 

Foreign-funded  research  was  in  1990  concentrated  in 
three  industries — industrial  chemicals  (funded  predomi- 
nantly by  German  and  Canadian  fims),  drugs  and  medi- 
cines (mostly  from  Swiss  and  Bridsh  firms),  and  electrical 
equipment  (one-fourth  of  which  came  from  German  affili- 
ates). Tliese  three  industries  accounted  for  three-fifths  of 

•  156 


126  ♦  Chapter  4.  Research  &  Development:  Financial  Resources  and  Institutional  Linkages 


Figure  4-29. 

Portion  of  Industry  domestic  R&D  performance 
financed  from  foreign  sources,  by  country 

Percent 


1981 


1983 


1985 


1987 


1989 


1991 


NOTES:  For  United  States,  foreign  expenditures  are  from 
companies  with  at  least  10-percenl  foreign  ownership.  German  data 
are  for  the  former  West  Germany  only. 
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F*oreign-funded  research  was  in  1990  concentrated  in 
three  industries — industrial  chemicals  (funded  predomi- 
nanlJy  by  German  and  Canadian  firms),  drugs  and  medi- 
cines (mostly  from  Swiss  and  British  firms),  and  electrical 
equipment  (one-fourth  of  which  came  from  German  affili- 
ates). These  three  industries  accounted  for  threefifths  of 
total  1990  foreign  R&D  investment— $11.3  billion.  (See  text 
table  4-7  and  appendix  tables  4-43  and  4-44.) 

Concurrent  with  the  rapid  growth  in  foreign  R&D 
expenditures  in  the  United  States,  the  establishment  of 
R&D  facilities  here  by  foreign  companies  has  accelerated. 
According  to  a  recent  survey  (Dalton  and  Serapio  1993) , 
there  were  255  foreign-owned  free-standing  R&D  facilities 
in  the  United  States  in  1992.  About  half  of  these  had 
been  established  during  the  previous  6  years.'^  Other 
significant  findings  of  this  study  follow. 

♦  R&D  facilities  of  Japanese  firms  outnumber  those  of 
all  other  countries  combined.  Japanese  companies 


These  counls  are  for  only  those  facililios  center.  compa- 
ny, or  R&D  laboratory)  that  are  50-percent  or  more  owned  by  a  foreip^n 
parent  company.  An  R^i-f)  facility  typically  operates  under  its  own  bud- 
get, and  is  located  in  a  free-standing  structure  outside  of  and  separate 
from  the  other  I'.s.  facilities  (e.p.,  sales  and  manufacturing  facilities)  of 
the  parent.  'Hiis  definition  of  an  R&D  facility  consequently  excludes  R&D 
departments  or  seciio'is  within  l\s.  affiliates  of  foreign-owned  companies. 


Text  table  4-7. 

R&D  performed  in  the  United  States  by  affiliates  of  foreign  companies,  by  selected  country 
and  Industry  of  affiliate:  1990 

Manufacturing 

All  Total         Drugs  and       Other  Electrical 

Country  industry    manufacturing     medicine     chemicals    Machinery      equipment  Instruments 

  Millions  of  dollars  

Total   11.324         9.737  2,375  2,808         1.138  1.839  371 

Europe   7.412  6.328  2.117           1,432  518              1.162  309 

United  KTOdom   1.864  1.639  766             193  163               131  103 

Germany"   1.754  1.649   [924]   50               477  79 

Switzerla.'^d   1.657  1.457  1.098               15   [190]   79 

France   810  724  D               D   [292]   25 

The  Netherlands   805  510  *               D  1  D 

Canada   1.955         1.910  *  D  9  D  21 

Asia  and  the  Pacific   1.497         1.197   [133]   601  161  2 

Japan   1.215  921   [129]   471  112  D 

Latin  America   381  D  D  *  3 

Middle  East   26  D  5  16  DO 

Africa   51  D  0  0  2  0  ^ 

NOTES-  Includes  R&D  of  affiliates  in  wh^ch  the  foreign  parent  owns  10  percent  or  more  of  the  voting  equity.  Majority-owned  affiliates  of  foreign  companies 
spent  $8.4  billion  on  R&D  performed  In  the  United  States  in  1990. '  =  less  than  $500,000;  D  =  withheld  to  avoid  disclosing  operations  of  individual  companies. 
SOURCE:  Bureau  of  Economic  Analysis.  Department  of  Commerce.  Foreign  Direct  Investment  in  the  United  States:  Operations  of  U.S.  Affiliates  of  Foreign 
Companies  (Washington.  DC:  Government  Printing  Office.  1S92). 
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Text  table  4-8. 

Number  of  foreign  R&D  facilities  located  in  the  United  States,  by  selected  industry  and  country:  1992 


United  South  Switzer- 

Industry  Total  Japan      Germany      Kingdom       France         Korea  land  Other 


Biotechnology   74  17  12  13  11  0  11  10 

Automotive   41  30  7  0  0  3  0  1 

Computers   27  20  3  0  0  4  0  0 

Software   24  21  2  0  0  1  0  0 

Semiconductors   24  18  2               0  0  3  0  1 

Telecommunications   22  14  3               0  0  1  0  4 

Opto-electronics   11  8  3               0  0  0  0  0 

High-definition  TV   9  7  1                0  1  0  0  0 

Medical  equipment   3  1  2  0  0  0  0  0 


SOURCE:  D.H.  Dalton  and  M.G.  Serapro.  Jr..  U.S.  Research  Facilities  of  Foreign  Companies  (Washington.  DC:  Department  of  Commerce.  Technology 
Administration/ Japan  Technology  Program.  1993). 
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♦  The  aclivilios  ol  ihcsc  lorciun  laciliiics  wvw  hi.irhly 
c()nc(Miiral('(l  in  ihc  biolcchnolo.iry  (71  facililii^s). 
auloinolivo  (11).  compiiUM-s  (l!cS).  iuul  coinpiiicr 
sol'iwarc  (!?())  induslrics. 


♦  Forci.izii  K.^'l)  facilities  iwv  lu^avily  conconiralod  in 
sonic  areas  of  the  counln*.  notably  Califoniias  Silicon 
\"alley  and  j^rcatcr  Los  An^clcs:  Dclroil;  Boston: 
Princeton.  New  j(M*sey:  and  Research  Trian^^le  Park. 
North  Carolina. 
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HIGHLIGHTS 


FifNDiNG  FOR  Academic  R&D 

♦  The  1980s  and  early  1990s  saw  a  continuation 
of  a  trend — observed  over  the  last  several 
decades — toward  an  increasing  role  for  academ- 
ic performers  in  total  U.S.  research  and  devel- 
opment (Ri&D).  From  1980  to  1993,  academi'^  perfor- 
mance rose  from  just  above  $6  billion  to  an  e..  '"^''.ted 
$20.6  billion  (in  current  dollars),  increasing  from  a 
9.8-percent  share  to  a  12.8-percent  share  of  total  U.S. 
RisiD  perfoniiance. 

♦  During  the  1980-93  period,  average  annual 
growth  was  much  stronger  for  the  academic 
sector  than  for  any  other  R&D-performing  sec- 
tor, an  estimated  5.2  percent,  compared  to  around  2 
or  3  percent  for  federal,  industrial  and  nonprotlt  labs. 
This  trend  has  continued  in  recent  years:  Average 
annual  growth  for  the  academic  sector  between  1991 
and  1993  was  again  estimated  at  5.2  percent. 

♦  The  federal  share  of  academic  R&D  support  has 
continued  to  decline  as  other  support  sources 
have  outpaced  its  growth  rate.  In  1993.  federal 
sources  provided  an  estimated  55.5  percent  of  aca- 
demic K&D  support,  down  from  67.5  percent  in  1980. 
In  constant  dollars,  however,  academic  Ri^D  financed 
by  federal  support  increased  by  59.4  percent  during 
this  same  period. 

♦  After  the  Federal  Government,  the  academic 
institutions  that  performed  the  R&D  provided 
the  second  largest  share  of  academic  R&D  sup- 
port. From  1980  to  1993,  the  institutional  share  grew 
from  13.8  percent  to  an  estimated  20.2  percent  of  aca- 
demic R&D  expenditures. 

♦  Industrial  R&D  support  to  academic  institutions 
has  grown  more  rapidly  than  support  from 
other  sources  in  recent  years.  In  constant  dollars, 
academic  R&D  financed  by  industry  increased  by  an 
estimated  265  percent  from  1980  to  1993.  Industry's 
share  grew  from  3.9  percent  to  an  estimated  7.3  per- 
cent during  this  period. 

♦  There  has  been  a  significant  increase  in  the 
number  of  universities  and  colleges  receiving 
federal  R&D  support  during  the  past  two 
decades.  In  1991,  759  academic  institutions  received 
R&D  support  from  the  Federal  Government,  com- 
pared to  565  in  1971. 


Facilities  and  Instruments 

♦  Construction  projects  initiated  between  1986 
and  1991  are  expected  to  produce  over  32  mil- 
lion square  feet  of  new  research  space  and  over 
33  million  square  feet  of  renovated  research 
space  when  completed.  Both  the  new  and 
repaired/renovated  space  will  exceed  the  equivalent 
of  a  quarter  of  existing  space. 

♦  The  amount,  adequacy,  and  condition  of  S&E 
research  space  at  the  Nation's  research-per- 
forming institutions  are  all  reported  as  having 
increased  or  improved  between  the  1983-89 
and  1992-93  periods.  However.  34  percent  of  the 
institutions  still  reported  that  the  amount  of  their 
research  space  was  inadequate  in  1992-93. 

♦  The  country's  U.S.  research  universities  have 
recenUy  begun  to  show  a  decline  in  expendi- 
tures from  current  funds  on  academic  R&D 
instrumentation.  This  decline  follows  a  pattern  of 
large  increases  in  investment  throughout  most  of  the 
1980s.  Constant  dollar  expenditures  for  academic 
research  instrumentation  averaged  7.7  percent  annu- 
al growth  for  federal  support  and  10.4  percent  for 
nonfederal  support  between  1982  and  1989.  In  recent 
years  this  trend  has  reversed,  with  federal  support 
declining  by  5.5  percent  and  nonfederal  support  by 
1.5  percent  overall  between  1989  and  1991. 

CHARACTERISniCS  OF  DOCTORAL  RESEARCHERS 

IN  Academic  R&D 

♦  The  rapid  increase  in  the  number  of  doctoral 
academic  researchers,  evident  throughout  the 
1980s,  appears  to  have  leveled  off  for  all  fields 
but  the  computer  sciences.  Total  employment 
between  1989  and  1991  was  stable  for  most  natural 
science  fields  and  may  have  declined  somewhat  for 
the  social  sciences  and  psychology. 

♦  The  aging  of  the  academic  research  workforce 
appears  to  be  reversing.  In  1973,  only  25  percent, 
of  academic  researchers  had  earned  their  Ph.D. 
more  than  15  years  earlier:  this  fraction  was  47  per- 
cent by  1989,  but  dropped  to  43  percent  by  1991. 
Scientists  and  engineers  who  had  received  their  doc- 
torates in  the  past  7  years  made  up  a  growing  share 
of  all  academic  researchers. 
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♦  During  the  1980s,  a  growing  fraction  of  aca- 
demic scientists  and  engineers  reported  being 
active  in  research.  This  trend,  which  held  for 
most  age  groups  in  all  fields,  has  also  been 
slowed  or  arrested.  Between  1979  and  1989,  the 
proportion  of  all  academic  doctoral  scientists  and 
engineers  whose  primary  or  secondary  work  activity 
was  research  rose  froin  67  to  78  percent.  However, 
little  chanjre  was  apparent  between  early  1989  and 
late  1991. 

Women  asv  Minorities  in  Academic  R&D 

♦  The  number  of  doctoral  women  scientists  and 
engineers  employed  in  academia  more  than 
doubled  from  1979  to  1991,  and  the  number 
active  in  academic  Rv^D  almost  tripled.  In  1991. 
women  represented  19  percent  of  all  doctoral  aca- 
demic researchers;  almost  hall"  of  female  researchers 
were  active  in  the  life  sciences. 

♦  The  overall  number  of  black,  Hispanic,  and 
Native  American  researchers  remains  low.  In 

1991,  these  minority  groups  accounted  for  5  percent 
of  academic  doctoral  researchers,  up  from  2  percent 
in  1979.  Their  increasing?  share  among  researchers  is 
rou^^hly  in  line  with  their  growing  share  of  academic 
employment. 

♦  Asians  ^<re  increasingly  prominent  in  academic 
R&l).  Asians  constituted  10  percent  of  academic 
researchers  in  1991.  up  from  4  percent  in  1979— an 
increase  roughly  proportional  to  their  overall  aca- 
demic employment  grou4h. 

SiTPORT  OK  Academic  Rese^arch  Personnel 

♦  Another  trend  showing  signs  of  slowing  or 
reversing  is  the  rising  proportion  of  academic 
researchers  receiving  federal  support.  During 
the  1980s,  an  increasing  fraction  of  researchers  in  all 
fields,  except  the  social  sciences,  received  such  sup- 
port. But  from  1989  to  1991,  the  proportion  of 
researchers  with  Federal  Ciovernment  support 
remained  stable  or  declined  for  most  fields. 
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OiTPi'TS  OF  Academic  R&D 

♦  U.S. -based  authors  continue  to  account  for  35 
percent  of  all  publications  in  a  set  of  about 
3,500  major  V.S.  and  international  technical 
journals.  This  proportion  represents  a  modest  1  per- 
centap^e  point  loss  of  world  share  since  1981,  follow- 
inpf  a  gradual  decline  during  the  1970s.  However, 
stronger  gains  and  losses  were  experienced  over  the 
decade  in  specific  fields  and  specialties,  notably  loss- 
es of  3  to  5  percentage  points  in  engineering/tech- 
nology and  clinical  medicine. 

♦  An  increase  in  international  coauthorship  is  evi- 
dent in  every  major  field  and  for  most 
countries.  About  11  percent  of  the  world's  articles 
were  coauthored  internationally,  double  the  percent- 
age of  a  decade  earlier. 

♦  In  the  United  States,  there  is  increasing  coau- 
thorship of  articles  produced  by  industry-based 
scientists  and  engineers  with  those  in 
academia.  In  1991,  about  35  percent  of  these  articles 
had  university  researchers  as  coauthors,  up  from  22 
percent  a  decade  earlier. 

♦  Patenting  by  U.S.  universities  continued  its 
rapid  increase  into  1991.  In  1991,  1,324  patents 
were  awarded  to  U.S.  academic  institutions,  com- 
pared with  437  a  decade  earlier.  The  strongest 
growth  occurred  in  health-  and  biomedical-related 
areas. 

♦  The  largest  research  universities  continued  to 
account  for  a  large  and  growing  share  of  all  aca- 
demic patents.  However,  the  20  largest  institutions 
(by  total  research  volume)  and  those  below  rank  100 
are  receiving  a  declining  share  of  academic  patents, 
while  those  ranking  21  to  100  have  been  gaining 
share,  due  to  the  more  rapid  growth  of  patenting 
activity  in  this  segment. 
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Chapter  5  Academic  Research  and  Development 


Introduction 

Chapter  Background 

Academic  research  and  developnieiit  (kM))  is  an  iiUe- 
<jf\"d\  j)arl  of  the  national  R.VD  iMUeri)rise.  The  sector  iu)w 
accounts  lor  an  estimated  12. S  i)ercenl  ol"  national  k.^D 
expenditures  and  more  than  half  of  national  basic 
research  exj)enditures.  This  chapter  addresses  the  fol- 
lowin.t?  three  principal  aspects  of  academic  \<^\k 

^financial  resources:  sources  of  funding,  distribution 
amon.u  institutions  and  discii)lines.  the  Federal 
(iovernment's  funding  rol(\  the  spreadin.e^  institu- 
tional base  of  federally  financed  academic  k.V:l),  and 
the  rinancin.cr  of  academic  im)  facilities  and  instru- 
mentation; 

♦  doctoral  personnel:  characteristics  of  doctorate-level 
scientists  and  en.i^infers  employed  by  academic 
institutions:  and 

♦  research  outputs:  the  academic  si^ctor  s  iniblications 
and  patents. 

Chapter  Organization 

The  chapter  opens  with  a  discussion  of  trends  in  fman- 
cial  resourc(*s  provided  for  academic  kM).  includintj  allo- 
cations across  both  institutions  and  fields.  Since  the 
Federal  Ciovernment  has  been  the  i)rimary  source  of 
sui)port  for  academic  for  over  half  a  centur\',  its  role 
is  explored  in  .txr(^at(T  (U'tail.  For  the  first  time  in  the 
Science  tC-  Engineering  Indicator  sei'ies,  data  are  present- 
ed on  cban.c:es  in  the  number  of  academic  insdtutions 
a^ccMvinir  f(»deral  K»K:l)  support.  Another  new  item  is  a 
brief  discussion  of  chan.t^es  in  the  modes  of  federal 
research  support  to  academic  institutions  over  the  i)ast 
decade.  Also,  due  to  an  increasing  intcMVSt  in  and  sui> 
port  for  expanded  university-industiy  interactions,  the 
section  includes  a  focused  examination  of  .t^rowth  in 
industrial  fundintr  of  academic  \<S:\).  Finally,  data  ai'e 
included  on  funding  trends  for  two  key  elements  of  uni- 
versity infrastructure — facilities  and  instiimientation. 

The  second  section  of  the  chapter  covers  tlie  academ- 
ic kM)  workforce.  It  focuses  on  doctoral  scientists  and 
eiit^ineers  workinjx  in  science  and  en.t,nneerin.ix  (s.^cK) 
who  earned  their  doctorates  at  F.s.  institutions.  Trends 
in  the  .ixrowth  of  various  disciplines  and  in  the  numbers 
of  women  and  minorities  in  academic  k«K:i)  fields  are 
addressed.  Also  i)resented  are  new  information  about 
tlK»  chantxin.tT  a,^e  stnicturc^  of  academic  researchers,  the 
trend  toward  increased  research  participation  in  aca- 
demia,  and  the  extent  of  federal  support  provided  to  aca- 
demic doctoral  researchers,  hicluded  for  the  first  time  is 
a  discussion  of  chan^^es  in  the  number  and  percentage  of 
federally  supported  academic  researchers  receivintj  sui> 
port  from  multiple— as  opposed  to  from  a  sin^^le— feder- 
al aKoncy.  The  section  also  includes  a  brief  discussion  of 
the  number  of  graduate  students  involved  as  research 
O     assistants  in  academic 
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The  chapter's  final  section  discusses  the  outputs  ol 
acadenfic  k.^D.  spt^ifically  the  number,  subjects,  and 
authors  of  articles  published  in  scientific  and  technical 
journals  worldwide:  and  trends  in  the  number  of  patents 
issued  to  r.^.  universities. 

Financial  Resources  for  Academic  R&D 

This  section  focuses  on  the  levels  and  sources  of  sup- 
l)ort  for  Kv^b  activities  at  r.s.  universities  and  coUccresJ 
Be.i?innin.c^  with  an  examination  of  the  role  of  academic 
k.vcD  in  the  context  of  the  national  k.^cl)  system,  it  covers 
\<S:\)  funding:  j)atterns  in  terms  of  funding  sources  and 
their  distribution  amon.t?  academic  institutions  and 
across  S.^C:!-:  fields.  The  role  of  both  industry  and  the 
FVderal  (lovernment  in  supporting  K.^I)  at  universities 
and  colleges  is  explored  in  some  detail.  Specitlcally.  data 
are  j)resented  on  the  increase  in  the  share  of  academic 
HS:\)  sui)port  provided  by  industiy.  the  exi^ansion  in  the 
number  of  academic  institutions  receiving  federal  su|)- 
port,  and  the  changing  modes  of  federal  k^^;:!)  su|)|)ort. 
Aspects  of  academic  \<^W  facilities  and  instmmentation. 
including  the  levels  of  investment  made  in  these  during 
the  198()s  and  characteristics  of  both  the  I'acilities  and 
instrimientation  stock,  are  also  examined. 

Academic  R&D  in  a  National  Context- 

In  1993.  an  estimated  S20.()  billion  was  spent  for  l^.^l)  at 
r.s.  academic  institutions.'  Tliis  level  of  expenditure  re|> 
resents  a  confinuing  trend,  obsei-ved  over  the  last  several 
decades,  of  an  increasing  role  for  academic  performers  in 
total  F.S.  \m).  Academic  k.V:!)  in  1993  made  up  an  estimat- 
ed 12.8  percent  of  total  k\:I),  comi)are(l  with  about  10  per- 
cent in  1980  and  about  9  percent  in  1970.  During  the 
1970-93  period,  the  i)roi)ortion  of  total  f.s.  research* 
expenditures  in  academic  institutions  rose  iVoni  24  per- 
cent to  an  estimated  28.6  i)ercent.  (See  llgtire  5-1.) 

In  constant  1987  dollars,  average  annual  K.^I)  growth 
between  1980  and  1993  was  much  stronger  for  the 
academic  sector  than  for  any  other  k.^ivperforming 


Data  in  lliis  section  coiiu*  Ironi  several  different  Naiional  Science 
Foundation  )  surveys:  tiiese  do  not  always  use  comparable  dellni- 
tions  or  inetho(U)l()Kies.  Nsr's  three  main  surwys  involving  academic 
K^vD  are  (I)  the  Federal  Funds  for  kesearch  and  I)eveloi)ment  Siip/ey; 
{'2)  the  Fecleral  Support  to  Universities.  Colleges,  and  Selected 
Nonprolit  lnstituti{)ns  Survey:  and  C'*)  the  Scientific  and  Kn«ineerinK 
i'.xpenditures  at  I'niversities  and  Colleges  Survey.  'Plie  results  from 
this  last  are  based  im  data  obtained  directly  from  universities  and  col- 
Irt^'es;  llu'  former  two  sur\-e\s  colled  data  \vo\u  federal  agencies.  For 
descriptions  of  the  melhodolo^ries  of  these  and  selected  (jliu'."  Nsr  sur- 
veys, see  sRs  (F'  ~). 

Tliis  discussjun  is  based  on  data  in  sRs  (lV)i>:^b)  and  impnbiished 
labulalions.  l  or  more  information  on  national  k\n  exiienditures.  see 
chapter  1.  "'National       Spending  Patterns." 

In  this  section,  acadenfic  institutions  ^^enerally  comprise  instituliotis 
(»f  hi^dior  education  that  arrant  doctorates  in  science  or  enKiitcoririK 
and/or  sp(  nd  at  least  S50.(K)0  for  *--^M^arately  budj^^eted  Hs,\).  Federally 
lunded  research  and  develoinnenl  centers  associated  with  universities 
are  tallied  separately  and  are  examined  in  ^'reater  detail  in  chapter  I. 

•Includes  bavic  research  and  applied  research. 
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Figure  5-1 . 

Academic  R&D  and  research  as  a  proportion 
of  U.S.  totals 
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As  a  proportion  o.  total  U.S.  R&D 


1970 


1975 


1980 


1985 


1 990      1 993 


NOTES:  Academic  research  includes  basic  research  and  applied 
research.  Data  for  1992  and  1993  are  estimates. 

See  appendix  tables  4-4. 4-5.  and  4-6. 
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academic  insliiulioiis,  down  ironi  h7.3  percent  in  i'.)(S(). 
and  70.5  ptTcenl  in  U)70.  Followin.i,^  is  a  discussion  oI'iIk* 
contribiilions  to  academic  R.\:I)  made  by  the  odier  sec- 
lors. 

♦  Institutional  funds:  inslilulionai  funcis  are  separately 
bud^jeted  funds  an  academic  institution  spends  on 
including?  unreimbiu'sed  indirect  costs  associ- 
ated with  k.^I)  projects  financed  by  outside  ori^^aniza- 
tions  and  mandatoiy  cost  sbarinjj:  on  federal  and 
other  [grants.  These  are  the  second  larj^est  source 
of  academic  U.^-I)  funds.  From  1980  to  1993,  the 
institutional  share  j^rew  from  Fj.8  i^ercent  to  an  esti- 
mated 20.2  percent  of  all  academic  Mikh  expendi- 
tures. The  major  sources  of  institutional  funds  are 
(1)  general-purpose  state  or  local  government 
appropriations.  (2)  general-purpose  grants  from 
industn'.  (i^)  tuition  and  fees,  and  (4)  endowment 
income."  There  is  some  concern  that  part  of  the 


■\ii()tlu*r  poit'juial  ^o^lI■^.■^'  01  iiisiiiuuniKii  IuiuIn  iiuoinc  iidni 
pjLiems  (jr  lio(.-iisr>.  Si-t^  'liK'niiu'  I-'n)iii  Patciuiiiu  and  Lict'iisin,!^  .Xr- 
ranut^mcMUs"  later  in  ihih  c  liapier  lor  a  discussion  ol  this  subjt'cl. 


sector — an  estimated  5.2  percent,  compared  to  about  3.1 
percent  for  federally  funded  research  and  development 
centers  (FFRDCs)  and  other  nonprofit  laboratories.  3  per- 
cent for  industrial  laboratories,  and  1.7  percent  for  feder- 
al laboratories.  The  rate  of  growth  for  academic  \<ik\) 
from  1992  to  1993  is  estimated  at  5.3  percent,  which  is 
basically  the  same  average  annual  growth  rate  this  sec- 
tor has  maintained  since  1980.  As  a  proportion  of  the 
gross  domestic  product,  academic  K.vl)  rose  significantly 
b^'tween  1980  and  1993.  from  0.22  to  0.33  percent. 

Academic  R.Kri)  activities  are  concentrated  at  the 
research  (basic  and  applied)  (MkI  of  the  \<ikU  spectrum 
and  do  not  include  much  development  activity.  '  Of  1993 
academic  R.Kil)  expenditures,  an  estimated  6f5  percent 
went  for  basic  research.  26  percent  for  applied  research, 
and  8  percent  for  development.  (See  figure  5-2.) 

Sources  of  Funds 

The  fVderal  Government  continues  to  provide  the 
majority  of  funds  for  academic  R«.^*U.  but  participation  by 
other  sectors  has  been  growing  more  rapidly  than  that  of 
the  Federal  Government  in  recent  years.  This  circum- 
stance has  resulted  in  a  decline  in  the  federal  share  of 
academic  K.^I).  (See  figure  5-3.) 

In  1993.  the  Federal  Government  provided  an  estimat- 
ed 55.5  percent  of  the  funding  for  R.^I)  performed  in 


Figure  5-2. 

National  and  academic  R&D  expenditures, 
by  character  of  work  and  performer:  1993 


Academic  R&D     Nalional  R&D      Basic  research    Applied  research 
'S20.6  billior^)      (SI60.8  billion!      '$26.2  billion)      (S39  7  btllion) 
[j  Deveiooment  d  Academta  CD  Industry 

H  Applied  Research         □  Federal  Q  FFRDCs 

r~|  Basic  Research 


Government 


Other 


Nolwithstandinp  this  (Iclinraiion.  "k.'w!)"— rather  than  iusl  ••lesejuch"— 
^   iscd  throujrhout  this  discussion,  since  almost  all  of  the  data  collected 


EMC 


academic  MikU  do  not  differentiate  between  "\C  and  '*!).' 


NOTES:  Data  are  esfmates.  FFRDC  =  federally  funded  research  and 
development  center 

See  appendix  tables  4-4.  4-5.  4-6  and  5-1 . 
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incrc^asc  in  ilu*  iinporiancc  oi  insiiiinioiial  liiiids  is 
duo  to  acToumnin  rliaivirt-S. 

♦  State  and  local  iiiovcrnnicnt  funds:  VUc  sliarc  of  aca- 
(liMuic  \<\\)  luiuiini^  provicK-d  by  siaic  and  local  .uov- 
iTiiiiuMH  has  riMUaincMl  foiisiaiil  over  ihc  i)asi 
(Urado  ai  about  ^  or  \)  pcrcoiu.  This  sliaro.  bowov- 
(•r.  oidy  rc'tlocts  funds  directly  taiwic'd  to  academic 

activities,  and  coiiscfjucnily  understates  the 
total  contribution  ol  stati'  and  local  .t^overniueius, 

♦  Other  soKrcrs  nt  funds:  Other  sources  ol'  supp()rt 
include  tyrants  lor  iVoni  nonprotlt  onj:anizati()iis 
and  voluntaiy  iiealth  ai^'encies.  as  well  as  all  otiier 
sources  not  elsewhere  classilled.  Ik'lween  1990  and 
199:^),  this  source  of  academic  K\l)  sui)porl 
increased  I'roni  about  7  percent  to  an  estimated  8 
percent. 

♦  Indusuy  funds:  The  lunds  provided  by  the  inchistrial 
<ecior  l(»r  acadrniic  irrew  luster  than  did  huul- 
in.u:  lr<uii  any  other  source^  durini^  the  |)asi  two 
decades,  ln(lu>tiy  increased  its  share  iVoiii  i>,9  per- 
cent in  1980  to  an  estimated  I.W  i)ercent  in  1993, 
Moreover,  iiulusiiv's  contribution  to  academia  rej)- 
resented  about  i,S  j^ercenl  of  all  industry-Uinded 

in  199!>,  coin})are(l  to       |)ercent  in  1980,  and 
0.0  percent  in  1970, 

Patterns  of  sectoral  I'undin.L^  of  academic  RovD  vary 
dependiau:  on  the  type  of  academic  institution  involved. 
That  is.  |)rivate  and  i)ublic  universities  differ  in  their 
major  sources  of  support,  (See  ai)pondix  table  ;k>,) 
Vor  public  academic  institutions.  ,.ist  ovtT  11  perctMit  of 
K\'l)  fundini:  in  1991  came  from  state  and  local  funds  and 
about  21  pcMTent  from  institutional  funds.  Private  aca- 
dcMuic  institutions  received  only  2,3  and  10  |)erc(MU  of 
their  fundini;,  resi)ecii\-ely.  Irom  these  sources,  Px'tween 
1981  and  1991.  the  federal  share  of  support  declined  for 


Figure  5-3. 

Sources  or  academic  R&D  funding,  by  sector 
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1973  1975  1977  1  979  1  981  1983  1  985  1  987  1989  1  991  1993 
NOTE:  Data  lor  1992  and  199?  are  estimates. 
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both  i)ui)lic  and  private  instiiuiiuns,  droppin.i:  (roni  (iO  to 
.11  i)ercent  ior  public  institutions  and  iVoiu  79  to  71..") 
percent  tor  private  institutions,  r>oih  public  and  |)rivate 
institutions  received  api)roxiinalely  7  percent  of  their 
resi)(r{ive       support  I'roni  industiy  in  1991. 

Distribution  of  R&D  Funds  Across 
Academic  Institutions 

Most  academic  K.VD  is  now.  and  has  been  historically, 
concentrated  in  relatively  lew  of  the  ?tX){)i)  hi^dier  educa- 
tion institutions  in  the  I'niled  States,  In  fact,  if  all  such 
institutions  are  ranked  by  their  1991  exj)enditures, 
the  lop  200-ranked  institutions  account  lor  9()  percent  of 
K.VI)  exi)endilures.  In  1991, 

♦  the  top  10  institutions  spent  IS  j)ercenl  of  total  aca- 
demic K.^'l)  lunds  (8.'5.0()2  billion): 

♦  the  to|)  20  institutions  spent  ',V2  i)ercent  (So,  l!)0 
billion): 

♦  the  toi)  oO  s|)ent  ."^7  percent  (S9,S7S  billion):  and 

♦  the  top  100  sp(Mit  SI  i)ercent  (Si;],9o3  billion)/ 
(See  ai)pendix  table  o-l,) 

Industrial  Support  of  R&D  at  Specific 
Academic  Institutions 

Industiy  now  su|)|)()rts  {)ver  7  i)ercent  of  total  acadeiii- 
ic  ROC'D.  While  most  of  the  industrial  funds  t^o  to  Uw^v, 
reco.t^nix(»d  research  institutions,  about  a  doxen  academ- 
ic institutions  with  relatively  small  K\'I)  ex|)cnditures  i^et 
more  than  20  percent  of  their  KX-n  funding  from  industiy. 
These  fundin.tr  j)atterns  i)anly  rellect  relationships  that 
have  devel()i)ed  betwe'cn  individual  llrms  and  schools. 

In  1991.  industry  provided  just  ov(m-  SI, 2  bilHon  for 
academic  k\h.  Of  the  toj)  200  institutions  in  terms  of 
total  1991  academic  K\I)  expenditures,  tlu*  top  27) 
schools  to.u:etlicr  r(»ceived  almost  S409  million  from 
industiy,  or  about  percent  of  the  total  support  con- 
tributed by  industry.  Tlie  bottom  25  schools  received 
s:5S  million,  or  3.1  percent  of  total  industiy  funds.  On 
avera.cje,  the  top  25  schools  received  Si 0.4  million  each 
in  industrial  support:  the  low-est  25  schools  avera.t^ed 
SI. 6  million  each.  (See  appendix  table  5-5.) 


rill'  Cariu'.tjit'  I'oiiiKlalioii  !or  llv  .'Vlvatict'tnctit  ol  Tcat  liitiir  t■la^^i- 
i*it  (i  (lt'}.,nV(-'-.trratiiinir  iiisiiiinion'^  .i^  iii.cluT  I'ducaiioii  insiitiiiidtis 
ill  h>S7.  {Sci*  t  iiaptt'i"  l!.  "ClassilK'alidn  ol  Acadfiiiic-  lIlsliluli()Il^,■"  Uu*  a 
hiicl  (hstM'ipiioii  iM  the  Cnnuvtjir  lati^^n'ii's.)  Tlust*  liij^^luT  (-dik  aiioii 
insttlulioiis  include  4-y(*ar  collcj^es  and  iiniycrsiiics.  2-y(Mr  coiiitmmiiy 
and  junior  colU'tri'S.  atid  ^pcrializi-d  ^rliools  such  as  medical  and  law 
schools.  Nol  included  arc  inoi\'  llian  7.000  other  posisecotidaiy  institu- 
tions (si'dclarial  schools,  auto  repair  schools,  eti  .). 

'riR'se  piTCcmaires  (^xclude  the  /\ppiii'd  Physics  lxd)oraiotT  (Mil  at 
Johns  Hopkins  I'nivcrsiiy,  With  an  eMiniatcd  S  million  in  loial  and 
SK)0  inillioii  in  U-derally  financi'ii  R.\|)  expendiinrcs  in  fiscal  year  1*>SU. 
\1'1  periornis  about  two-thirds  ol  the  university's  .•Mihoinxh  not 
olTictally  classified  as  an  1 1  RIk  ,  Ai-l  essentially  hmctions  as  mw.  lis 
eX(*lusion  ihet'elore  providi'S  a  belter  measure  ol  llu'  dislribulitui  nl 
academic  K.v.1)  (hfllars  and  the  tankimr  ol  tiidividiial  insiitiitioiis. 
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Text  table  5-1. 

Industrial  funding  of  academic  R&D, 
by  level  of  R&D  expenditures 

Schools  w/more  Average 

than  10°b  of  their  proporlion  of 

total  R&D  funds  total  R&D  (unding 

from  industry  from  industry 

Schools  ranked  by    ■ 

total  R&D  expenditures'       1980       1991  1980  1991 

Number  -  Percent 

Rank  1-200   24  57  4.6  8.6 

1-25    2  4  4.4  6.3 

26-50    2  3  4.4  6.4 

51-75   2  2  3.8  6.2 

76-100.  .    1  4  4.6  6.6 

101-125   3  12  5.5  9.4 

126-150    4  9  5,9  10.0 

151-175   2  11  5.6  10.0 

1 76-200   8  12  11.4  13.5 

NOTE  Data  are  om.iied  for  those  institutions  that  did  not  separately 
'eport  maustnal  R&D  funding  or  mat  reponed  no  industrial  support.  For 
1980.  32  jnsmuiions  were  omitted.  5  were  omitted  m  1991 
Ranking  is  derived  bv  sorting  institutions  into  groups  of  25.  from  highest 
n&D  expenditures  to  lowest. 

See  appendix  table  5-5  Saence  S  Engineering  inatcators  -  '993 


Academic  R&D  Expenditures  by  Field 
and  Funding  Source' 

\W  far.  iIk'  majority  oi'  academic  k\K;|)  cxpciulilurcs  in 
Weill  lo  ihc  life  sciences,  which  accounled  lor  51  per- 
cent ot'  lolal  academic  lu^cD  ex|)eiur!Uires.  ~\)  j)ercenl  ol" 
federal  academic  KM)  exi)eiuhliires,  and  f);")  percent  of 
nonfederal  academic  expenditures.  The  next  largest 
block  of  total  academic  K.^D  expenditures  was  lor  cngi- 
nccnug — percent  in  1991.'"  (See  ai)pendix  table  ,>(>; 
for  detailed  dala  on  ex])enditures  over  lime  i^y  ^v.!-:  sub- 
fiekh  also  see  appendix  table  :>?.) 

Between  1981  and  1991,  academic  \<S:\)  expendiliires 
for  all  fields  combined  .t^rew  at  an  avera.t^e  annual  rale  of 
3,5  perceiu  in  constant  1987  dollars,  (See  llirure  5-4  lor 
constant  dollar  exi)enditures  over  the  decade  by  field,) 
Fundinj^  for  the  computer  sciences  .t^rew  fastest  durin.u: 
the  decade,  increasing  at  an  average  annual  rate  of  9,7 
percent  in  constant  dollars.  However.  R\i)  exiXMuliUires 
for  the  comj)uler  sciences  in  1991  were  only  about  '.>.l 
percent  ol  total  academic  KvVD.  The  omineenn^  and 
nuitlieniafical  sciences  fields  grew  second  and  third 
laslesl  during  the  decade,  increasing  at  average  annual 
rates  of  7,1  and  5.8  i)ercent,  respectively.  Academic  \<S:\) 


This  di^iribulit)!!  of  inchisliT  hinds  follows  an  expeci- 
ri\  pallern;  Top-ranked  schools  receive  more  indui/Lry 
finuling  than  do  lower  ranked  schools.  A  more  surpris- 
ing finding  is  that  iiulusiiT  s  share  of  total  U.^D  exi)endi- 
lures  for  the  lowest  ranked  schools  was  double  its  corri'- 
sponding  share  among  top-ranked  schot>ls.  Industry 
accounled  for  an  average  Kk5  i)ercenl  of  the  total  U.Vl) 
exi)endilures  of  schools  in  ranks  17(>-2(K)  in  1991,  com- 
pared with  a  (k:>  percent  share  of  total  for  llu'  top  jI5 
NL-hool^.  Fui"lhermori\  the  low-ranked  schools  receiving 
relatively  large  proj)()riions  of  their  K\I)  funding  Ironi 
indusuy  lend  to  l)e  specialized  Mualler  institutions — fre- 
(|uently  ones  with  a  singk'  \<^'<\>  specially  that  is  closely 
linked  wilh  local  indusliy. 

r.ciwecn  1980  and  1991.  the  number  of  schools  receiv- 
ing over  10  percent  of  their  academic  RM)  sui)poil  fn)ni 
indusliy  increased  from  1  to  57.  In  all  but  one  of  the 
t'ighl  groui)s  of  25  among  the  lop  200  research  institu- 
tions, ihe  of  insliliilions  receiving  more  iluin  10 
pcTcenl  of  their  academic  K.vD  support  frf)m  iiumsliy 
increased  (it  did  not  change  in  the  schools  in  ranks  51- 
75).  The  share  ni  funds  from  indusliy  also  increased  in 
t-ach  of  the  eiglU  groups. 

S(^veral  factors  might  contribute  lo  these  increases. 
I'or  one  thing,  more  institutions  had  se|)arately  rept>rt<^'tl 
industrial  support  data  in  1991  than  in  1980.  (See  text 
table  5-1.)  Also,  the  inci-easing  industry  support  for  aca- 
demic K\l)  may  ivllect  increasing  amounts  of  coopcn'a- 
live  research  activity  between  the  two  sectors,  in  con- 
trast lo  companies  jusi  -providing  rc^search  grants  to 
universities  and  colleges. 


"llic  (hua  ill  llii>  M'vMidii  arc  diauii  ir^Mii  iIk*  National  Scii-iKc 
I  nuntiaiidii'^  .sricnnrK-  aiul  Knuim-rrinu  I\X|)riulilur<'s  at  I'nivrr^ilii'S 
aiul  C<ilU'vri*s  Svirvcv.  Vnv  various  iih'ih<Klul<).t,ncal  rcaM)ns.  parallel  data 
\)\-  licld  Ironi  llir  I-uuii(]aliun  <  Survi"  t>i  l-i'dtTal  Obliuatiinis  t<» 
I  nivt'i-xiiirx  an<l  c  ()}U  irfs  dn  not  nra-ssiiii\  match  Uu-sf  lUinilxTs. 

l-dr  luriluT  iiiloniiatinn  on  iIk-  nalurr  oi  rni^iiu'crinu  rcscairli 
briiitr  ptTlfn'iiU'd  in  :  iini\t*ixiiu's  xit-  •I'lir  Naluiv  oi  Kni^iiuvrinu 
kcM'ari  li  ai  I '.    I  "nivriVuu'>." 


Figure  5-4. 

Academic  R&D  expenditures,  by  field 


Billions  of  constant  1987  dollars 


3  I 


Medical  sciences 


Biological  sciences 
Engineering^  ^  ^  - 


Physical  sciences 


Social  sciences,  lULT'"*-^       •  i 

Co rp p ut eT koejKQ^'^' — •  •  • — \  .'TM^.'t'^'^AJ'^?-  SCeocss  i 
0  i  ■        ' " — '  ^  


1981 


1983 


1985 


1987 


1989 


1991 


NOTE  See  appendix  table  4-1  for  GDP  implicit  once  deflators  used  to 
convert  currrent  lo  constant  1987  dollars. 

See  appendix  table  5-7.       Saence  &  Engmeenng  indicators  -  1993 
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Chapter  5.  Academic  Research  and  Development 


The  Nature  of  Engineering  Research  at  U.S.  Universities 


WHial  is  the  role  of  research  in  engineering  educa- 
tion? How  does  this  academic  research  component 
relate  to  the  needs  and  interests  of  l  .S.  industry  and 
government?  To  answer  these  and  related  questions,  a 
3-year  study  on  the  nature  of  U.S.  academic  engineer- 
ing research  is  now  under  way.  Led  by  Professor 
Robert  P.  Morgan  of  Washington  University  and  sup- 
ported by  the  National  Science  P^oundation.  the  study 
is  aimed  at  characterizing  the  research  undertaken  by 
U.S.  engineering  school  faculty  members,  research 
staff»  and  students  (Morgan  et  al.  1993a  and  1993b).  As 
part  of  this  study,  a  national  survey  of  directors  of 
organized  university-based  engineering  research  units 
was  conducted  to  obtain  information  on  the  nature, 
process,  and  outcomes  of  engineering  school 
research.  To  date,  responses  have  been  received  from 
651  of  1.030  of  these  research  units  located  in  154  uni- 
versities. Based  on  these  responses,  the  following  pre- 
liminar\'  conclusions  have  been  drawn. 

♦  Research  units  appear  to  be  shifting  away  from 
the  individual  investigator  model  of  research 
toward  more  applied  team  research  of  a  cross  dis- 


expenditures  in  the  social  sciences  grew  the  slowest, 
averaging  3.1  percent. 

Tlie  distribution  of  federal  and  nonfederal  funding  of 
academic  \m)  in  1991  varied  by  field  and  subfield.  (See 
appendix  table  5-6,)  For  example,  the  Federal  (govern- 
ment supported  62  percent  of  academic  R^^i)  expenditures 
in  the  medical  sciences  subfield.  but  only  26  percent  of 
academic  R^W  in  the  agricultural  sciences  subfield.  Crins 
latter  figure  reflects  the  traditionally  strong  role  of  states 
in  supporting  the  agricultural  sector.) 

It  is  noteworthy  that  the  declining  federal  share  in  the 
support  of  academic  \<^\)  is  not  limited  to  particular  Sc^K 
disciplines.  Rather,  the  federally  financed  fraction  of  sup- 
pod  for  each  of  the  StV^K  fields  declined  over  the  past  two 
decades,  (See  appendix  table  5-cS.)  'Iliere  were  some  vari- 
ations by  ficUl.  howu'vcr.  The  most  dramatic  decline 
occurred  in  the  social  sciences  (57  percent  in  1973  to  33 
percent  in  1991);  the  smallest  decline  was  in  the  comput- 
er sciences  (70  to  67  percent),  llie  overall  decline  in  fed- 
eral share  also  holds  for  all  reported  S&I-  subfields. 

Support  of  Academic  R&D  by  Federal 
Agencies'^ 

Federal  obligations  for  academic  KcKrD  are  concentrat- 
(h1  in  three  agencies:  the  National  Institutes  of  Health 


ciplinary  nature.  Despite  this  shift,  traditional 
research  outputs  such  as  publications  and  papers 
still  predominate. 

♦  Students  continue  to  play  a  central  role  in 
research. 

♦  Industry  is  substantially  involved  in  university- 
based  engineering  research. 

♦  The  most  frequently  cited  problems  of  research 
directors  are  insufficient  funding  and  lack  of  fund- 
ing for  long-term  research. 

♦  Contributions  of  research  units  vary  widely  from 
those  of  a  fundamental  nature  to  activities  leading  to 
major  developments  in  industry  and  government. 

Followup  will  be  conducted  regarding  this  last  find- 
ing in  order  to  develop  case  studies  of  academic 
research  contributions  and  the  processes  by  which 
technology  transfer  takes  place.  Also,  a  national  survey 
will  be  mailed  to  about  3.500  of  the  roughly  20.000  U.S. 
engineering  faculty  during  the  fall  of  1993  to  comple- 
ment the  research  directors'  survey. 


(NIH).  the  National  Science  Foundation  (NSF).  and  the 
Department  of  Defense  (DOD).  Together,  these  agencies 
provided  about  73  percent  of  total  federal  financing  of 
academic  K^D  in  1993.  up  from  66  percent  in  1971.  (See 
appendix  table  5-9.)  NiH  was  estimated  to  have  provided 
44  percent  of  federal  support  for  academic  K&D  in  1993; 
the  NSr  share  was  estimated  at  16  percent.  DOD's  share 
was  estimated  at  13  percent  in  1993. 

During  the  past  10  years,  the  National  Aeronautics 
and  Space  Administration  (NASA) — which  is  estimated  to 
provide  less  than  6  percent  of  federal  support  in  1993 — 
had  the  highest  estimated  average  annual  growth  in  its 
funding  of  academic  R&D:  9.7  percent  per  year  (constant 
1987  dollars).  The  next  highest  rates  of  growth  were 
experienced  by  NSF  (5.2  percent)  and  NIH  (4.5  percent). 
In  addition  to  changes  in  the  pattern  of  agency  funding, 
there  have  been  shifts  in  the  modes  of  research  support 
provided  to  academic  institutions.  For  details,  see  'Ted- 
eral  Academic  Research  Funding  by  Mode  of  Support." 

The  Spreading  Institutional  Base  of  Federally 
Funded  Academic  R&D^- 

In  1971.  565  academic  institutions  received  federal 
support  for  their  H^D  activities.  In  1981,  this  number 
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'Sec  "An  t'pdatc  on  Contrrcssional  HamiarkinK  \o  rnivcrsilics  and 
c  »llcK(*s."  Icr  a  (liscus"^ion  ol  an  i'^suc  rehUcd  lo  lodcral  acndcmic 
•^uppori  lhal  fonlinucs  to  cnjjcndcr  ron'^idcral)!^  debate. 


-The  data  in  this  section  are  drawn  from  the  Federal  Support  to 
Tiiiversities,  Colie^res,  and  Selected  Nonprofit  Institutions  Survey,  'Hie 
survey  collects  data  on  federal  Hs^D  obliji^ations  lo  individual  i  .s,  univer- 
•sities  and  eolle^jes  from  (he  15  federal  aKc^iicies  lhal  account  for  virtual- 
Iv  all  such  ohlij^alioiis. 
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An  Update  on  Congressional  Earmarking  to  Universities  and  Colleges 

Science  ^  Engineering  Indicators  -  1991  (NSB  1991)  *^ext  table  5-2. 

discussed  several  ae,pects  of  academic  earmarking-  Growth  In  number  of  and  funds  for  earmarked 

.              .  V     i-  1     If    1  academic  projects 
the  congressional  practice  ol  providinpf  tederal  funds 

lo  educational  institutions  for  research  facilities  or  pro-  '           '                      Number  Doiiars 

jects  without  merit-based  peer  review.  ThQ  significant  of  earmarks        for  earmarks 

increases  reported  then  in  both  the  number  of  ear-  j  i0740000 

marked  projects  and  the  amount  of  money  directed  ^^^^ ^  '  o 

toward  ihem  are  still  continuing.  (See  text  table  5-2.)  ^^^^  ...  ^. ....       ^ '  . .     9  9.370.999 

In  his  introduction  to  the  recent  report  "Academic         ^9Q3. .  .  .  .   13  77.400,ooo 

Earmarks:  An  Interim  Report  by  the  Chairman  of  the         ^994   6  39,320.ooo 

Committee  on  Science.  Space,  and  Technology" 

(Committee  on  Science,  Space,  and  Technology  1993).         i985   39  i04,085,ooo 

Congressman  George  E.  Brown.  Jr.  (d-CA).  states  that  i98S   38  110.885,000 

,  ,  ,       ,         .       ...         ,  ui     n  1987    48  163.305.000 

T  believe  that  the  rational  tair.  and  equitable  alio-  T'  "  "  70  0^0  ^00  nnn 

cation  and  oversight  of  funds  in  support  ol  the  ^os  299.026.ooo 
Nation's  research  and  development  enterprise  is 

threatened  by  the  continued  increase  in  academic  ^gg^  252  247.976.333 

earmarks.  To  put  it  colloquially,  a  little  may  be  ^99-,   279  470.279.499 

okay,  but  too  much  is  too  much."  1992  499  707.989.03i 

As  text  table  5-2  shows,  the  number  of  academic  ear-  '        ]^  ~ 

.                   r   -ki     1       1  •  SOURCE.  Committee  on  Science.  Space,  and  Technology.  U.S.  House  of 

marks  has  mcreased  irom  a  negligible  level  in  me  Representatives.  Academic  earmarks:  .An  interim  Report  by  the  ChaTman 

early  1980s  to  hundreds  of  earmarks  in  the  past  few  of  the  committee  on  Science,  space,  and  lecnnology.- Washington.  OC: 

vears:  the  dollar  amount  of  these  earmarks  has  ;w../.o  too-^ 

,     ,       ,     ,      ^  Science  &  Engineering  Indicators  -  1993 

increased  from  the  tens  to  the  hundreds  of  millions. 


increased  to  (U8.  and  by  1991,  to  759.  (See  appendix 
table  5-10.)  During  this  20-year  period,  however,  there 
was  ahnost  no  change  in  the  number  of  Carnegie 
research  or  doctorate-graiUing  institutions  receiving  fed- 
eral \m)  obligations.  Instead,  almost  all  of  the  increase 
in  the  number  of  institutions  supported  occurred  in  the 
i)ther  Carnegie  classifications— i.e..  among  comprehen- 
sive: liberal  arts:  2-year  c()mmunir\\  junior,  and  technical; 
and  professional  and  other  specialized  schools.^  - 

'I'his  spreading  of  the  institutional  base  of  federally 
funded  academic  R.^I)  did  not  occur  at  the  same  rate,  nor 
even  in  the  same  direction,  in  all  science  and  engineer- 
ing ilelds.  Once  again,  at  the  individual  field  level,  most 
(^f  the  increase  was  at  institutions  other  than  research  or 
doctorate-granting  ones.  'Hie  largest  relative  increases  in 
the  number  of  institutions  r(veiving  academic  R.^i)  sup- 
port from  the  Federal  Government  were  in  the  computf^r 
sciences,  mathematics,  and  geological  sciences.  Two 
f,(.l(ls — ihe  social  science^  and  psychology— showed  a 
decline  in  the  number  ol  in  titutions  rc^ceiving  federal 
academic  Kv^D  support.  (See  tlgur(»  5-5.) 


Figure  5-5. 

Academic  institutions  receiving  federal  R&D  support 
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NOTES  "Other  Carnegie  institutions"  are  all  Carnegie-classified 

institutions  except  research  and  doctorate-granting  institutions 

No  data  are  available  for  1971  for  the  computer  sciences. 
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Chapter  5  Acaaemic  Research  and  Development 


Federal  Academic  Research  Funding  by  Mode  of  Support 


Until  recently,  very  little  data  were  available  on 
trends  in  federal  funding  of  academic  research  by 
mode  of  support.  This  changed,  however,  with  the 
release  of  Trends  in  the  Structure  of  Federal  Science 
Support  by  the  Federal  Coordinating  Council  for 
Science,  Engineering,  and  Technology  (FCCSCT).  Tlie 
report  iOSlV  1992)  defined  four  principal  modes  of  sup- 
port, and  primarily  examined  civilian  federal  research 
funding  from  six  agencies — Ihe  Department  of  Energy 
(DOR),  NIH,  N'SF,  Environmental  Protection  Agency 
(EPA),  Department  of  Agriculture  (USDA),  and  NASA. 
(DOD  was  also  included  in  some  of  the  discussions.) 

Definitions.  FCCSET  used  the  following  definitions  of 
support  modes. 

♦  Individual  investigator.  A  single  senior  scientist  or 
small  research  group  receiving  direct  funding  for 
an  independent  research  project. 

♦  Research  team:  A  group  of  senior  investigators, 
often  at  different  institutions,  pursuing  common 
research  objectives  and  considered  by  the  fund- 
ing agency  to  be  a  team.  A  research  team  is  less 
formally  organized  than  a  research  center  and 
may  be  funded  separately. 

♦  Research  center:  A  formally  organized  group  of 
investigators,  frequently  multidisciplinary,  using 
shared  resources  to  pursue  coordinated  research 
focused  on  a  single  topic  or  research  theme. 

♦  Major  facility:  A  large  multi-user  laboratory  or 
research  facility  requiring  a  long-term  commit- 
ment for  support.  A  major  facility  is  intended  for  ■ 
shared  used  by  researchers  from  many  institu- 
tions, and  is  frequently  designated  as  "national" 
or  "regional"  in  scope. 

Findings.  FCCSHTr  found  that  funding  has  increased 
for  all  modes  of  support,  albeit  at  different  rates. 
Overall  the  shares  of  research  funds  going  to  individ- 
ual investigators  and  to  research  centers  declined 
between  1980  and  1989,  while  the  shares  to  research 
teams  and  major  facilities  increased.  (See  figure  5-6.) 

The  distribution  of  academic  research  funds  among 
modes  of  support  differs  substantially  across  the  six 
agencies  examined.  For  example,  while  individual 
investigators  account  for  a  major  share  of  each  agen- 
cy*s  academic  research  support,  there  are  significant 
differences  by  agency.  Individual  investigators  receive 
between  60  and  80  percent  of  funding  by  NSF,  EPA,  and 
DOD:  they  receive  about  50  percent  of  MM  funding, 
and  account  for  only  about  35  to  40  percent  of  L'SDA 
and  DOK  funding.  In  rsPA,  research  centers  play  a 
much  more  cmcial  role  in  academic  research  funding; 


in  DOE,  research  teams,  research  centers,  and  major 
facilities  also  receive  significant  support.  NiH  has 
given  increasing  attention  to  interdisciplinary 
research  during  the  1980s,  with  the  result  of  stimulat- 
ing awards  to  team  research. 

Figure  5-6. 

Funding  of  academic  research  by  six  civilian 
federal  agencies,  by  support  mode 
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See  appendix  table  4-20. 
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Academic  R&D  Facilities  and  Instrumentation^* 

Despite-  increased  and  prolonged  spending  in  this  area 
since  the  198()s,  problems  persist  in  liie  amount  and  ade- 
quacy ot  academic  research  facilities  and  instrumenta- 
tion. Recent  surveys  indicate,  however,  that  these 
increases  in  expenditures  are  addressing?  a^  least  some 
1)1'  the  needs  in  these  areas. 

Facilities.  Although  new  facilities  construction  pro- 
jects have  become  more  expensive,  construction  costs 
appear  to  be  levelinj?  off.  The  cost  of  new  academic 
space  in  current  dollars  was  $207  per  square  foot  in 
198(>87.' '  ^Zn  in  1988-89,  and  in  1990-91.  The  com- 
parable cost  for  1992-93  is  estimated  at  $259  per  square 
loot.  (See  appendix  table  5-11.)  Similarly,  construction 
outlays  for  academic  research  facilities  are  expected  to 
reach  S3.2  billion  (in  current  dollars)  in  1992-93;  this  is 
up  from  $3.0  billion  in  1990-91,  $2.5  billion  in  1988-89, 
and  S2.1  billion  in  198(v87. 

Wlien  the  projects  initiated  ix'tw(H-n  1986  and  1991  are 
completed,  they  are  expected  to  produce  over  32  million 
square  feet  of  new  research  space — the  equivalent  of  about 
26  percent  of  existing]:  research  space.  Tlie  totiil  amount  of 
research  space  has  not  been  increasing?  as  much  as  the 
planned  new  constnicdon.  suggesting?  that  the  new  research 
space  may  replace  obsolete  or  inadequate  space  rather  than 
add  to  existing  space.  The  new  construction  projects  initiat- 
ed in  1992-93  should  produce  over  12  million  square  feet  of 
new  research  space.  (See  appendix  table  5-12.) 

Outlays  for  major  repair/ renovation  of  academic  research 
facilities  are  expected  to  reach  $895  million  (in  current  dol- 
lars) in  1992-93,  compared  to  $835  in  19f)()-9L  $1,010  in  1988- 
89,  and  S838  in  198(>87.  VvTien  the  repair/renovation  pro- 
jects initiated  between  1986  and  1991  are  completed,  ihey 
are  t^xpected  to  result  in  the  repair/ renovation  of  over  33.5 
million  square  feet  of  research  space,  the  equivalent  of 
about  28  percent  of  e.xisting  research  space.  Ni^w  projects 
initiated  in  1992-93  are  expected  to  result  in  the  repair/ reno- 
vation of  an  additional  6  million  square  feet  of  research 
space.  (See  appendix  table  5-12.) 

More  than  85  i)ercent  of  current  academic  research 
space  is  concentrated  in  five  St^l-:  fields: 

♦  biological  sciences  (23  percent) 

♦  medical  sciences  il8  percent). 


•Data  on  laciiiti(.'S  and  in-iruiiuMUaiioii  arc  lakoii  primarily  from  sev- 
eral siirvoys  supporU'il  by  National  Sciciu-o  l-\»un(laiion.  AlihouKl^ 
terms  arcdcfini'd  spct'iiloally  in  cadi  survey,  in  i^oncral.  faciliiirs 
expendiuircs  (U  arc  cla-Milcd  as  '•cai)iiar'  tunds,  (li)  are  fixod  items 
such  as  buildii-izs.  oUcn  cost  millions  of  dollars,  and  (4)  arc  not 
included  within  ri^'d  cxpf-nditurcs  as  reported  here.  Ko.uipment  and 
insinmienis  (the  terms  are  used  inteivhanKcably)  are  generally  mov- 
able, purchased  with  current  funds,  and  included  within  fcKrd  expeiuii- 
lures.  Because  ihe  caie^jones  are  not  mutually  exclusive,  some  lar^^e 
iiisiruineniaiion  system-  could  be  classified  as  either  facilities  or 
e(|uipmeni. 

Pata  are  aOT'e^aied  in;o  ;*-year  units  because  information  on  project 
costs  arid  net  assi^jned  souarc  footage  for  rei)air/ renovaticm  and  con- 
Q    iciion  activities  are  requested  for  2  vears  rather  than  for  a  single  year. 
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Text  table  5-3. 

Condition  of  academic  science  and  engineering 
research  facilities 

Condition  of 

research  facilities  1988    1990  1992 

Percentage  of  institutions  S&E  research  space 
Suitable  for  use  in  most  scientifically 


sophisticated  research  

23.9 

25.9 

26.8 

Effective  for  most  uses,  but  not  most 

scientifically  sophisticated  

36.8 

35.2 

34.7 

Requires  limited  repair/renovation  to 

be  used  effectively  

23.5 

23.3 

22.6 

Requires  ma)or  repair/renovation  to 

be  used  effectively'  

15.8 

15.5 

12.8 

Requires  replacement^  

NA 

NA 

3.1 

S&E  =  science  and  engineering 

NOTES:  Because  of  rounding,  components  may  not  add  up  to  100. 

The  data  for  1988  and  1990  in  this  category  include  space  reauiring 
replacement. 

This  category  was  first  used  m  the  1992  survey. 

SOURCE  Science  Resources  Studies  Division.  National  Science 
Foundation.  Scientific  ana  Engineering  Research  Facilities  at  Universities 
and  Colleges:  1992,  NSF  92-325.  Washington.  DC.  NSF.  1993. 
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♦  agricultural  sciences  (16  percent). 

♦  engineering  (15  percent),  and 

♦  physical  sciences  (13  percent). 

The  condition  of  academic  S.^'i:  research  facilities 
space  has  iinproved  somewhat  between  1988  and  1992. 
(See  text  table  5-3.)  Specifically,  the  amount  of  space 
available  for  use  in  the  most  scicMUifically  sophisticated 
research  has  increased:  and  the  amount  of  space  that 
needs  limited  repair/ renovation  has  decreased. 

A  significant  improvement  of  institutions'  assessment 
of  the  amount  of  research  space  also  occurred  between 
1988  and  1992.  In  1988  and  1990.  40  to  42  percent  of 
institutions  reported  that  their  space  was  inadequate, 
compared  to  only  34  percent  in  1992. 

Although  the  increased  facilities  funding  has  been 
beneficial  to  the  academic  research  infrastructure,  sur- 
vey results  indicate  that  respondents  believe  there  is  still 
a  construction  backlog  as  well  as  considerable  space  that 
needs  renovation  and  repair. 

Instrumentation,  Current  fund  expenditures  for  aca- 
demic research  instnmientation  grew  steadily  between 
1982  and  1989  before  beginning  to  decline  in  1990  and 
again  in  1991  (constiint  dollars.) (See  appendbc  table  5-13.) 


••Data  used  here  arc  limited  to  currrni  funds  (•xi)endiiures  for 
research  instrumentation  and  do  iioi  include  funds  for  instructional 
t'quipmenl.  Current  funds— as  opposed  to  capital  funds— are  ihose  in 
the  yearly  operalin^  budirci  for  oiiKoinji  activities,  (ienerally.  acadentic 
institutions  keej)  separate  accounts  for  current  and  capital  funds. 
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Figure  5-7. 

Current  fund  expenditures  for  research  equipment 
at  academic  institutions,  by  field 

Millions  of  constant  1987  dollars  (logarithmic  scale) 
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NOTE.  See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to 
convert  current  dollars  to  constant  1 987  dollars. 
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\<^\)  aiuipiiKMU  cxpcMuliluivs  ^rcw  by  :>.9  i)crcenl  between 
!^)8<San(l  19S9.aiKl  then  declined  by  1  ptTcent  between  1989 
and  VMl  and  by  [KTcent  between  U)^K)and  1991.  About  59 
to  ()1  i)ercent  of  these  expenditures  were  covered  by  the 
I'Vdenil  ( fovemnient  dtirinj^  the  198()s.  but  tJie  t^ovemnienl  s 
share  fell  to  about  59  percent  in  both  19^X)  and  1991.  'Iliis 
I  KM-centatife  varied  amon^  indi\idtial  fields,  however,  with  the 
sf)cial  sciences  receivint>"  only  about  one-third  of  their 
research  equipment  funds  \ron\  the  Federal  (iov(^mnient. 
and  the  physical  and  computer  sciences  over  70  percent.  In 
the  ix'riod  between  1982  and  199K  federal  support  did  not 
t^Tow  as  cjuickly  as  did  nonfederal,  .'\nnual  KT'owth  in  federal 
suppon  av(M"a.tred  5.2  jxTcent.  while  nonfederal  support  j^*ew 
7.8  ixTcent  (in  constant  dollju^)  during  this  ix^riod. 

I>y  field,  current  fund  expenditures  for  instalments  for 
(MijrineerinjT.  computer  sciences,  mathematical  sciences, 
mvironmental  sciences,  and  physical  sciences  increased  at 
average  annual  rates,  in  constant  1987  dollars,  of  between 
(S  and  10  percent  since  1982.  Funds  for  research  eqiiii> 
luent  for  the  social  sciences  and  psycholoj^'  ^^rew  at  an 
averatife  annual  rate  of  less  than  4  jXTcent  since  1982.  (See 
fij^iire  :5-7.) 

iTom  1981  throuKdi  1991.  annual  cun*ent  ftind  research 
ecluipment  expenditures  fluctuated  between  6  and  7  per- 
cent of  total  K^:I)  expenditures,  with  an  upward  trend  in 
this  propoilion  between  1983  and  198(i  and  a  downward 
trend  since  198(1  KquipUKMU  purchases  as  a  percentage  of 
R^l)  expenditures  were  consistently  hi^^her  than  avera^^e 
in  the  computer  sciences,  physical  sciences,  and  enginecT- 
inj^:;  they  wtTC  consistently  lower  in  the  mathematical  sci- 
ences, social  sciences,  life  sciences,  and  psycholo^. 


Characteristics  of  Academic  R&D  Instrumenta- 
tion.- .'\s  noted  in  Science  i\j  Engineering  Indicators -1991 
(\sP>  1991).  the  ajjfc  distribution  of  academic  research 
instrumentation  changed  significantly  over  the  course  of 
the  first  three  suiwys  as  a  result  of  both  retirement  of 
older  equipment  and  an  increase  in  the  size  of  the  equi{> 
ment  stock.  In  1982-83.  ()2  percent  of  the  in-use  instru- 
ment systems  were  5  years  old  or  less,  and  38  percent 
were  or  more  years  old.  By  1988-89.  ()9  percent  of  the 
systems  were  5  years  old  or  less. 

In  each  of  the  four  survey  cycles,  annual  expenditures 
(in  constant  dollars)  for  the  purchase  of  research  instal- 
ments increased;'"  expenditures  for  their  repair  and 
maintenance  also  increased  in  all  but  the  last  cycle.  (See 
text  table  5-4.)  After  adjustment  for  intlation,  expendi- 
tures for  purchasing  new  or  used  equipment  increased 
by  about  52  percent  between  1983-84  and  198(5-87 
but  only  by  5  percent  between  1989-90  and  1992.'''  Main- 
tenance and  repair  expenditure's  increased  by  31  jKTcent 
between  the  first  and  second  cycles  and  decreased  by  8 
l)ercent  between  the  third  and  fouilh  cycles.  As  a  result  of 
these  expenditure  j)attei*ns.  for  every  dollar  spent  on  pur- 
chasing research  equipment,  25  cents  was  spent  on  main- 
tenance and  repair  in  1983-84,  22  cents  in  1986-87.  25 
cents  in  1989-90.  and  22  cents  in  1992. 

'Rie  purchase  of  new  equipment  during  the  198()s  and 
early  19^K)s  appears  to  have  produced  beneficial  results  for 
many  academic  departments  and  research  facilities,  lliirty- 
four  percent  of  the  sc>cK  department  heads  and  research 
facility  administrators  reported  that  the  overall  adequacy  of 
their  existing  research  equipment  remained  about  the 
same,  and  48  i)ercent  reported  that  it  improved  between 
the  1989-90  and  1992  periods,  (Similar  results  had  been 


Ht'^rlnnin.tr  in  U)tS:VtS.4.  \sr.  ulth  funding  su|)pon  from  MM.  initiated 
tht'  triennial  National  Survey  ot  Aradeuiic  Kesearcii  insirunu'iUs  aiul 
InstrunU'Utation  Needs.  Hie  survey's  Hrst  three  cycles  (conducted  in 
UIS:V.S-1.  19S(>87.  and  U)S9-9())  collected  data  for  six  ^xi:  fields,  wiili 
data  oil  half  the  Helds  collected  in  the  sur^'ey  s  first  year,  and  data  for 
the  second  half  in  the  survey's  second  year.  For  the  surv'ey's  newest 
cycle,  the  two  data  collection  phases  will  be  consolidated  so  that  ail 
fields  are  covered  at  one  lime.  Also,  in  previous  cycles,  each  survey 
had:  (1)  ilepartment  ({ueslionnaircs  requeslin^^  deparinieni  expendi- 
tures for  equipment  plus  related  issues  -;uch  as  equipment  needs  and 
priorities:  and  i'l)  instrument  data  sheets  for  information  on  the  condi- 
tion, cost,  u^a^^e,  etc..  of  specific  ilems  of  equipment.  Be.;:inninjr  in  llie 
fourth  cycle,  each  of  these  components  will  be  conducted  everv*  other 
year.  Thus,  the  191)2  component  of  tlie  survey  collected  only  the 
depanment  questionnaire  survey  data, 

'Hxpenditures  for  research  ecjuipmeni  purchases  obtained  lhrou«:h 
'his  sur^'ey  are  not  readily  com|)arable  with  11k)s«'  discussed  in  tiie  pre- 
vious section.  Tliese  survey  data  include  all  expenditures-both  from 
current  operatin;^  funds  and  capital  accounts-while  the  earlier  discus- 
«<ion  is  limited  to  research  equipment  from  current  funds  expenditures, 
which  could  be  a  considerably  smaller  expenditure.  Taken  tojrether. 
however,  these  two  data  sources  appear  to  sujij?est  that  althouKh  over- 
all exi)enditures  for  instalment  at  ion  continue  to  increase,  expenditures 
tlnanced  from  curn^nt  funds  are  declining  in  recent  years. 

•KxiKMulilure  data  for  the  1983-84  to  198{>87  i)eriod  and  the  1989-^K) 
to  1992  period  are  not  comparable  because  the  earlier  years  do  not  con- 
tain supersystcms  (units  havin;^  a  piece  of  equipment  jieneraliy  worth 
.<l  million  or  more)  while  the  later  years  do  contain  these  systems. 
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Text  table  5-4. 

Annual  expenditures  for  research  equipment  purchases  and  for  maintenance  of  existing  research  equipment 

'  1983-84         1986-87         1989-90  1992 

  — Millions  of  constant  1987  dollars  —  -- 

Purchases  of  nonexpendable  research  equipment   470  713  1.083  1.138 

Maintenance/repair  of  existing  research  equipment   118  "'54  275  253 

Amount  spent  on  maintenance/repair  for  each  S1  Dollars 

spent  on  research  equipment   Q-^^    ^-^^ 

NOTE:  Years  1983-84  and  1986-87  do  not  contain  supersystems  (units  having  a  piece  of  equipment  generally  worth  SI  million  or  more),  but  years  1989-90 
and  1992  do. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Research  Instrumentation  and  Instrumentation  Needs  m  Science  and 
Engineering:        (Washington.  DC:  NSF.  forthcoming). 
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reported  between  the  1986-87  and  1989-90  i)eri()dsj  In  addi- 
tion, 1")  pei'cent  of  S\'K  department  heads  reported  that  the 
amount  of  usai)le  equipment  had  increased  by  nO  pereent 
or  more,  and  another  53  pereent  reported  that  it  had 
inereased  by  belwxH-n  11  and  49  percent,  between  198^)-9() 
and  1992.  However,  even  with  the  increases  repoiied  in 
both  the  adequacy  of  their  research  equipment  and  the 
amount  of  usable  research  equipment.  79  percent  of 
resi)ondents  reported  that  instrument  needs  had  increased 
because  of  expanding  staff  or  programs  or  other  factors. 

Doctoral  Scientists  and  Engineers 
Active  in  Academic  R&D 

This  section  discusses  characteristics  of  academic 
scientists  and  engineers  with  doctorates  from  L'.S.  univer- 
sities who.  at  the  time  stirveyed.  worked  in  science  or 
engineering  fields.-''  Kmphasis  is  given  to  researchers— 
i.e..  those  who  report  that  research  is  their  primaiy  or 
secondary  work  resi)onsibility.  This  section  presents  data 
on  their  number  and  characteristics,  including  their  fields 
of  concentration,  age,  sex,  race/ ethnicity,  and  extent  of 
federal  support.  A  discussion  is  included  on  trends  in  the 
reported  primary  work  responsibility  (for  research  or 
teaching)  of  S.vcl-:  doctorates  in  regular  faculty  positions. 
Some  limited  data  are  also  presented  on  graduate 
research  assistants  who  participate  in  academic  KM). 


Data  on  dncioral  sciriilisls  and  civj^imrrs  arc  (Itriwd  from  die  bi(Mi- 
nial  Sum-y  o\  Docioralo  kcripicms  rondik-tcd  lor  \sl  by  N.Uional 
Rt'soarch  Council.  (S<.v  "Changes  in  the  Sun-cy  of  Doctorate  Kccipienis" 
for  a  discussion  of  tlie  survey  sample.)  In  this  section,  "academic  institu- 
lions'  r{-fer  to  universities.  4-  and  2-year  colleires  (the  latter  generally 
contribute  little  lo  K^:I)  activity),  and  medical  schools,  as  identified  by 
the  resi)on(lents.  hut  exclude  university-administered  I  KRUCs. 

For  1991.  no  data  are  available  on  doctorate-holders  employed  in 
academic  institutions  who  earned  their  de^rrees  at  non  i  .S.  institutions, 
or  on  tltose  with  non-S.<l-  dej^rees  working  in  science  or  enRineerinK. 
lixcepl  lor  some  limited  data  on  Kraduale  research  assistants  (dis- 
cussed later  in  this  section),  no  data  wxv  available  on  nondocloral  aca- 
O    iemic  research  personnel. 


Trends  in  the  Number  and  Characteristics  of 
Academic  Researchers-' 

In  1991.  there  wrre  177.805  scientists  and  engineers 
with  doctorates  earned  at  t'.s.  institutions  woi'king  in  s.v;-l-. 
at  r.s.  universities  and  colleges.--  (See  appendix  table 
r)-14,)  Of  the  doctoral  scientists  in  academia,  149,874.  or 
84  percent,  held  faculty  rank,  down  from  88  percent  in 
1979  and  1981.  The  i-emainder  held  other  positions.  In 
all,  134.647  were  engaged  in  academic  K.^D  as  defined 
here,  including  76  percent  of  those  with  faculty  rank  and 
715  percent  of  those  with  other  positions. 

During  the  1980s,  the  academic  doctorate-holding  sx-H 
workforce  became  more  research-intensive,  as  measured 
by  the  proportion  of  those  reporting  research  as  their  pri- 
mary or  secondary  work  responsibility.  Between  1979  and 
1991.  the  number  of  doctoral  scientists  and  engineers 
(^mploycHl  in  academia  increased  by  \M)  percent—from 
135.841  to  177.805— but  the  number  of  doctoral  academic 
researchers  increased  by  \il  i)ercent— from  88.686  to 
134,647.  Consequently,  the  proportion  of  s^v^'H  Ph.D.-hold- 
ers  who  reported  some  research  activity  rose  from  65  i)er- 
cent  in  1979  to  76  percent  in  1991.  However,  comparing 
data  from  fall  1991  with  data  gathered  in  the  spring  of 
1989  (see  "Changes  in  the  Survey  of  Doctorate 
Recipients")  suggests  that  this  trend  has  leveled  off. 


-'/\ffain.  this  discussion  is  limited  to  persons  who  received  doctorates 
from  rs.  imtitiitiojis  who  are  now  working  in  science  or  enf^ineerin^. 
The  number  <»f  academic  researchers  was  determined  based  on 
responses  lu  a  question  in  the  Sur\'ey  of  Doctorate  Recipients  u\\  pri- 
mary and  secondaiy  work  activities.  In  1991.  respondents  were  aske<l: 
"I-rom  the  activities  listed  below,  select  your  primary  and  secondary 
work  activities... in  ternts  of  time  devoted  durin.e  a  tyi)ical  wci-k." 
Because  many  faculty  members  who  devote  a  substantial  amount  of 
time  to  U*v;l)  often  con-^ider  nnother  activity  (for  example,  teachiniir)  to 
bi^  their  primar/  work  activity,  those  sujvey  respondents  who  selected 
academic  R\l)  as  either  their  primar>'  or  secondaiy  work  activity  are 
included  here.  The  inclusion  of  both  sets  of  respondents  yields  an 
iimount  approximately  twice  that  when  only  those  reporting  \<i^\)  as 
Iheir  primary  activity  are  counted.  These  counts  should  not  be  consid- 
ered full-time  ecjuivalents. 

^Fhis  fiKur(»  excludes  those  workimr  in  I  I  KIKS  administered  by  uni- 
versitios  or  university  consortia. 
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Changes  in  the  Survey  of  Doctorate  Recipients 


i)ata  on  the  academic  employmciu  and  research 
activities  of  doctoral  scientists  and  engineers  are 
derived  from  the  Survey  of  Doctorate  Recipients  (SDK), 
a  sample  survey  sponsored  jointly  by  the  National 
Science  Foundation  and  selected  other  federal  agen- 
cies and  conducted  biennially  by  the  National 
Research  Council.  In  1991.  Si)R  underw(»ni  several 
design  changes  as  part  of  a  larger  redesign  and 
improvement  of  NSF's  science  and  engineering  person- 
nel survey  system.  Tliese  changes  affect  the  compara- 
bility of  1991  data  with  those  of  earlier  years. 

Through  1989.  the  SDR  sample  had  included  three 
major  respondent  segments:  (1)  persons  with  science 
or  engineering  Ph.D.s  received  from  I'.S.  institutions. 
(2)  holders  of  doctorate  degrees  in  other  fields  work- 
ing in  science  or  engineering  at  the  time  of  the  survey, 
and  O)  persons  witii  science  or  engineering  Ph.D.s 
earned  at  non-i  .S.  institutions.  The  1991  sample 
retains  only  those  respondents  in  category  1. 
Moreover,  in  an  effort  to  improve  response  rates  with- 
in budget  constraints,  sampling  strata  and  overall  sam- 
ple size  were  reduced:  several  other  changes  were 
made  as  well,  including  a  31-month  interval  between 


the  1989  and  1991  sui-veys.  i*ather  than  the  usual  24 
months. 

Defmitive  statistical  studies  remain  to  be  completed 
on  the  overall  effects  of  these  changes  on  the  data  and 
the  range  of  interpretations  permitted  by  them. 
Preliminar\^  investigation  suggests  that  the  revised 
SDR  sui-vey  system  permits  analysis  of  trends  if  the 
data  used  are  limited  to  those  respondents  encom- 
passed by  category  (1)  above  who  are  working  in  s^vtH 
fields  in  a  given  survey  year. 

Accordingly,  the  data  reported  here  focus  on  that 
survey  segment  alone  for  all  years.  Status  and  trends 
in  academic  doctoral  S^v::!-:  employment  and  research 
activity  are  examined,  in  general,  for  two  periods — 
1979-81  and  1989-91,  the  latest  year  for  which  these 
data  are  available.  Tlie  19/9  and  1989  data  are  included 
to  permit  rough  comparisons  with  data  reported  in 
previous  Science  Engineering  Indicators  volumes, 
and  to  provide  some  idea  of  the  extent  of  the  SDK 
changes.  Throughout  this  section,  then,  potentially 
interesting  but  small  statistical  differences  should  be 
treated  cautiously.  At  least  for  the  moment,  their  inter- 
pretation remains  problematic. 


The  slunpesl  gaim  over  lh(*  decade  in  research  activi- 
ty were  experienced  in  the  'Social  sciences  and  mathe- 
matics. In  1979.  j)erc(MU  of  the  social  sci(Milisls  and  5(S 
l)ercent  of  mathematicians  w(M-e  involv(ul  in  research:  by 
1991.  these  fraction^  had  risen  to  71  ikmtcmU  each.  The 
highest /rr<"/ of  re<(-arch  activity  in  1991  (cSS  jKM-cent)  was 
in  the  environmental  sciences.  lollowed  by  engineering 
and  the  lite  science-  with  82  percent  each.  (See  appendix 
table  >1  i.) 

Academic  Researchers  by  Field 

The  field  comiKJsition  ol"  liie  academic  research  work- 
ibrce  undenvenl  some  changes  in  the  past  decade.  These 
changes  largely,  but  not  entirely,  refiecled  compositional 
shifts  in  the  doctoral  academic  workforce  as  a  whole. 

The  number  ol"  researchers  in  the  i)hysical  seiences 
grew  more  slowly  liian  those  in  other  fields — about  22 
|)ercent  from  1979  to  1991.  compared  with  50  percent  for 
all  the  sciences  and  M  |)ei*cenl  for  engineering.  (See  fig- 
ure 0-8.)  Computer  --cience  reseaivhers  increased  by  221 
l)ercent:  employment  growth  in  this  field  was  also  partic- 
ularly strong.  Life  science*  n^searchers  remained  the 
largest  groui).  mainiaining  their  :>8-percent  share  of  the 
SvVtH  total.  Reflecting  these  shifts,  the  physical  sciences 
declined  from  15  ix-rcent  to  12  percent  of  all  investiga- 
tors. Engineering  increased  its  share  of  total  SiK:H 
researchers  from  11  to  12  percent,  and  the  social  sci- 
ences increased  from  \iS  to  17  percent.  The  greatest  I'ela- 

er|c  \  I 


live  shift  was  experienced  by  the  computer  sciences, 
whose  share  (loubi(nl  to  \\  p(Tcent.  This  incr(*ase  was 
iVom  a  small  base,  however,  and  C()in|)iiler  science 
employment  still  i-epresenls  less  than  ;i5  percent  of  th(* 
academic  doctoral  sx-l-  total. 

The  rate  of  increase  in  researchers  iVom  1979  to  1991 
substantially  exceeded  the  incn^ase  in  s.^;•(•:  (Muployment 
in  each  major  fiekl.  Consequently,  the  ral(*  of  [)ailicii)a- 
tion  in  academic  l^.vcD  increased  in  all  major  fields,  rising 
iVom  75  to  82  percent  for  engineering,  and  from  to  ' 
i)ercent  for  the  sciences.  (See  appendix  table  5-15.)  L>ut 
during  the  1989-91  period,  robust  increases  in  the  num- 
bers of  researchers  were  confined  to  mathematics,  the 
computer  sciences,  and  engineering:  while  slight 
declines  were  evident  in  the  physical,  life,  and  social  sci- 
ences, and  psychology.  Overall  employment  in  the  latter 
two  fields  also  fell. 

Women  in  Academic  R&D 

The  overall  academic  employment  oi  female  Ph.I).- 
holders  in  s.v;-h  more  than  doubled  from  1979  to  1991. 
juiTiping  from  1(S.()50  to  ?)5.6()().  (See  text  table  ,5-5.)  Over 
the  same  period,  the  number  of  women  active  in  R.^D 
almost  tripled.  inci"easing  from  9.761  to  25.207.  (See 
appendix  table  5-16.)  Thus,  by  1991,  women  constituted 
20  percent  of  all  academic  doctoral  scientists  and  engi- 
neers: in  1979.  they  had  accounted  for  only  12  peirent  of 
this  group.  Rellecting  this  high  rate  of  employment 
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Figure  5-8. 

Average  annual  growth  rates  of  employed 
academic  doctoral  scientists  and  engineers  and 
those  active  in  academic  R&D:  1979-91 
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increase— albcil  from  a  relatively  small  base— wohkmi 
repn^senled  alniosl  one-fifth  of  all  academic  rt^searchers. 
lip  from  11  percent  a  decade  earlier. 

*l'he  i)r()i)()rtioiis  of  women  rc^searchers  remained 
r()ii.iihiy  in  line  with  their  increased  rates  of  representa- 
tion ainoiiK'  the  various  fields.  Ft)r  example,  women 
accounted  for  :\[)  percent  of  those  employed  in  psycholo- 
K^y.  and  'M^  percent  of  those  active  in  psychology 
research;  they  accounted  for  11  percent  each  of  those 
(Miiployed  in,  and  activi^  in  research  in.  the  computer  sci- 
(Mices,  Their  Iciwesl  rates  of  n^presentation  were  in  en.ui- 
iieerinK.  wh(Mi^  women  acc(Uinted  for  'A  i)ercent  ol  aca- 
demic doctoral  employment  and  4  percent  of  academic 
doctoral  researchers.  (HowevtM".  their  representation  in 
this  field  had  increased  from  under  I  percent  in  1979J 

Half  of  all  women  doctoral  researchers  were  active  in 
the  life  sciences.  Relatively  larire  proportions  of  women, 
compared  to  men.  were  also  found  in  the  social  sciences 
and  psychology.  These  three  areas  accounted  for  85  per- 

ent  of  all  women  researchers  in  1991.  compared  to  57 

ERLC 


percent  ol  all  men.  Women's  field  conccMilrations  shifted 
somewhat  over  time.  For  example,  from  1979  to  199U 
the  j)ropoili()n  of  women  researchers  in  the  |)hysical  sci- 
(Mices  and  j)sycholot>y  declined  by  about  2  percenla.u:e 
l)oinis  t»ach,  while  a  sH.irhtly  larijer  pr()i)ortion  was  found 
in  the  computer  sciences  and  enJ^ineerin^^. 

Minorities  in  Academic  R&D 

The  absolute  number  of  minority  researchcM's  in 
academia  remains  low  for  all  i^roups  but  Asians. 
However,  since  1979.  black.  Hispanic,  and  Asian  doctoral 
researchers  in  academia  have  increased  substantially  rel- 
ative to  their  low  numbers  in  1979;  increases  for  Native 
.\mericans  seem  to  have  been  more  modest.- '  (See  text 
table  5-5.)  Black  SvK:!'  researchers  increased  from  707  in 
1979  to  2.770  in  1991.  Hispanic  researchers  from  931  to 
:>.038.  and  Asians  from  3.()3()  to  13.105,  Academic 
iMiiployment  .izrowth  followed  a  similar  ])attern.  (Sc^e 
appendix  table  5-16.)  The  increases  in  these  employment 
numbers  ar(^  quite  consistent  with  the  number  of  n^-K 
doctoral  (h^tii'ees  awarded  to  minorities  since  the  late 
197()s.  and  sut^R'est  that  a  sizeable  i^'oportion  of  youn^^ 
minority  doctorate-holders  have  found  academic  employ- 
ment. (See  chapter  2.  "Doctoral  Decrees  in  Sv^-F.") 

I'^ach  minority  ^I'^up  made  veiy  strong  gains,  in  rela- 
tive terms,  from  1979  to  1991.  The  increase  in  minority 
doctoral  employmc^nt  durintx  this  period  exceeded  200 
percent.  Increases  in  the  number  of  researchers  exceed- 
ed 250  i)erceiu— 290  percent  foi*  blacks.  200  percent  for 
Asians,  and  226  jXTcent  for  His])anics,  (See  text  table 
5-5.)  (lains  lor  specific  fields  varied,  with  the  physical 
and  life  sciences,  mathematics.  enKnneerinix.  and  i)sy- 
cholo^^\'  broadly  ran^nn^^  around  the  Sv^-i-:  total,  while  the 
computer  and  environmental  sciences  well  exceeded  it 
(albeit  from  ver>'  low  bases).  (See  appendix  table  5-16J 
.\s  a  n^sult.  minoriti(»s  in  1991  comprised  13  percent  of 
all  s\:h  doctorate-holders  employed  in  academe — up 
from  just  below  percent  in  1979— and  14  i)ercent  of  re- 
searchers— also  up  from  6  percent. 

'l^he  field  concentrations  of  minority  researchers  var\^ 
by  race/ethnicity.  In  1991.  Asians  disproportio.iately 
favored  en.uineerin^  and  the  computer  sciences;  lower 
])roportions  of  .Asians  entered  the  environmental  and 
social  sciences  and  psycholo^^y.  In  this  same  relative 
sense.  Hispanics  tended  toward  mathematics,  ent^ineerin^^ 
and  the  social  sciences,  and  away  from  psycholoj^y  and 
the  life  sciences.  Blacks  in  1991  tended  away  from  physi- 
cal and  environmental  sciences,  mathematics,  and  en.c:i- 
neerin^.  and  toward  i)sycholo.i^y  and  the  social  sciences, 
(llie  numbers  for  Native  Americans  in  the  sample  sur- 
vey are  too  small  to  allow  for  meaninj^ful  breakdowns.) 


Note  thai  these  luinibcfs  i\ovWr  ironi  a  saiiipie  sunry  and  sliouki 
hv  taken  not  a>^  i^nvise  (•iimnerations.  but  as  rou.ijh  incliealors  ol  the 
actual  population.  This  caveat  is  t'specially  law  tor  data  on  Native 
Americans  because  ol  the  very  \o\v  nunil)er  ol  respondents. 

I7fi 


146  ♦ 


Chapter  5.  Acaaemic  Research  and  Development 


Text  table  5-5. 

Academic  employment  and  R&D  invoivement  of  women  and  minority  doctoral  scientists  and  engineers 


Total  employment 

Change 

Active  in  R&D 

Change 

Field 

1979  1991 

from  1979-91 

1979  1991 

from  1979-91 

-  Number- 

■  Percent  •  ■ 

Number  ■ 

Percent  ■  - 

Women 

Total  sciences   

  16.555  34.934 

112 

9.687  24.588 

155 

Engineering  .  .   

  94  665 

615 

74  619 

736 

Minorities 

Total  sciences 

White  

Asian  

Black  

Hispanic  .  . 

Native  American . 
Engineering 

White  

Asian  ... 

Black.  . 

Hispanic 

Native  American. 


115.730 

1 38,474 

20 

74.063 

102,766 

39 

3,653 

1 1 ,868 

225 

2.724 

10,266 

277 

1.234 

3,996 

224 

700 

2.585 

269 

1.180 

3,335 

183 

847 

2,613 

209 

235 

340 

45 

168 

239 

42 

11.519 

15.019 

30 

8.532 

12.116 

42 

951 

3.264 

243 

906 

2.839 

213 

227 

NA 

185 

NA 

273 

503 

84 

84 

425 

406 

NA 

NA 

•Omitted  because  of  small  sample  size. 
See  appendix  table  5- 16 
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Teaching  and  Research  as  Primary  Work 
Responsibility 

A  nunibor  of  ivporls  in  recrnl  years  have  expressed 
concern  tliat  university  lacully  are  iniduly  locusinj^  on 
researcli  at  llie  ex|)ense  ol  teachin.tr.-'  I^^tt^  U'o\^^  the 
Survey  of  Doctorate  Recipients  cannot  directly  address 
this  issut\  l)ut  can  iliuniinaie  certain  aspects  of  it. 
Academic  doctoral  s.vl.  faculty  members-'  were  asked 
what  they  consid(T(^d  to  be  their  primar\'  work  responsi- 
bility. (See  appendix  table  f)-!;").)  I-'or  all  s^v;:!-:  llelds.  the 
numbers  reporting  their  primaiT  work  responsibility  as 
either  leaching  or  research-"  have  increased  since  1979. 
However,  the  ninnber  namin.i2[  research  as  their  primaiy 
activity  increased  much  more  rai)idly  (rising  rouj^hly  60 
I)ercent  between  1979  and  1991)  than  did  the  number  of 
those  namin.er  t(^achin^:  (which  rose  about  15  percent). 

Fi.G:ure  ,)-9  disphiys  the  resulting  composition  shift. 
The  more  rapid  increase  for  research  over  the  1979-91 
period  holds  for  eveiT  major  tle^ld — e'ven  those  that  expe- 
rienced a  slovvdown  or  decline  in  employment  in  1991. 
But  in  most  Sv*;'!-  llelds.  the  numb(M*  of  faculty  reportin;^ 


'S(H^  cliapttT  2.  "l  iukTKradualc*  Insimciioii  by  rype  ol  l-acuky/'  for 
a  discussion  of  this  i'-'-UL*. 

Facuhy  is  dcnncci  here  as  a  rc^poiulfiu  rrpoitiiii.:  finployinriit  in 
vvK  as  (Mihor  a  prou-ssor.  associaU'  prolcssor.  assisUiFii  protcssor, 
instruclor.  or  iocturcr. 

•'Rospoiulrnts  listing  leaching  as  ilicir  priinarv'  work  responsibility 
often  list  research  as  their  secondar\'  oik\  atid  vice  versa.  Particularly 
in  advanced  j^raduate  iraininj?.  the  two  are  closely  intertwined.  The 
focus  here  on  pninaiy  work  responsibility  is  not  meant  to  imply  that 
i)eople  are  etthcr  researchers  or  teachers. 


primar\'  teaching  responsibility  has  kept  pace  with  full- 
time  enrollment  and  deijrees  awarded.  (See  appendix 
table  5-15.) 

Those  with  primaiy  research  responsibility  in  Sv^c-K 
accounted  for  more  than  60  percent  of  the  increase  in 


Figure  5-9. 

Proportion  of  academic  doctoral 

science  and  engineering  faculty  with  primary 

responsibility  for  research  or  teaching 
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facully  iVom  1U79  lo  19^)1.  For  [\\c  coiiipuler  sciences. 
tMiKineerinjx.  psycholo.i^y.  and  the  social  sciences,  their 
share  ranged  from  :^j5  to  50  percent;  and  for  the  life  sci- 
ences. iSf)  percent.  The  physical  sciences  showed  no 
tMnploynient  ^^[rowth  over  the  i^eriod.  and  no  ^rrowih  in 
the  number  of  faculty  with  primaiy  responsibility  for 
leachinjj.  This  field  did.  however,  experience  an  increase 
in  the  number  reporting  primary  research  responsibility, 
i.e..  shifting?  toward  research  from  rlher  endeavors. 

Changing  Age  Structure  of  Academic 
Researchers 

A  nearly  two-decade-lon^^  trend  toward  an  aging  aca- 
demic research  workforce  is  starting  to  reverse.  (See  fig- 
ure .>!().)  The  average  age  of  academic  researchers  had 
increased  steadily  since  1973.  the  tlrst  year  for  which 
such  a  series  can  be  constructed.  This  trend  resulted 
from  the  hiring  of  many  young  scientists  and  engineers 
during  the  rapid  expansion  of  I  .s.  higher  education  dur- 
ing the  I9B()s.  followed  by  a  hiring  slowdown.  The  medi- 
an age  of  academic  researchers  rose  from  !^mS.9  years  in 
1973  to  44.4  years  in  1989,  but  fell  to  43.6  years  in  1991. 
The  median  age  oi  faculty  active  in  research  was  consis- 
tently higher  but  followed  the  same  general  pattern:  39.4 
years  in  1973,  45.4  in  1989.  and  44.5  years  in  1991. 

Put  another  way,  in  i973  only  25  percent  of  academic 
researchers  had  earned  their  Ph.D.  degrees  more  than  15 
years  earlier:  this  fraction  had  risen  to  47  percent  by  1989, 
but  declined  to  43  percent  by  1991.  Conversely,  "young" 
researchers  (those  who  had  earned  their  Ph.D.  degrees 
within  7  years  of  the  survey  date)  comprised  47  percent  of 
the  total  in  1973,  only  25  percent  in  1989,  but  31  percent  in 
1991.  (See  figure  fvlO.)  Among  the  major  llelds,  the  life 


Figure  5-10. 

Distribution  of  academic  science  and 
engineering  researchers  by  years  since  Ph.D. 
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sciences  and  computer  science  have  maintained  relatively 
younger  researcher  pools,  while  mathematics  has  "aged" 
the  most.  (See  text  table  5-()  and  appendix  table  5-17.) 

Research  Participation 

Throughout  the  1980s,  a  growing  proportion  of  aca- 
demic scientists  and  engineers  in  all  age  groups  report- 
ed that  they  participated  in  research.  For  example,  while 
74.2  percent  of  those  within  years  of  receiving  their 
doctorates  reported  such  involvement  in  1979.  by  1989. 


Text  table  5-6.  . 
Academic  doctoral  researchers  by  number  of  years  since  doctorate  award  and  field 


Field 


Total  science  and  engineering. 

Physical  sciences  

Mathetnatics  

Cotnputer  sciences  

Environmental  sciences  

Life  sciences  

Psychology  

Social  sciences  


Years  since 
degree 


See  appendix  table  5-17. 
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1973 


1979 


1981 


1989 


-Percentage  in  age  group- 


1991 


1-7 

46.8 

34.6 

33.6 

25.4 

30.9 

>15 

25.8 

29.8 

31.9 

47.0 

42.6 

1-7 

43.5 

26.1 

27.3 

21.6 

27.7 

>15 

26.5 

35.9 

39.3 

59.0 

53.3 

1-7 

55.9 

28.0 

28.2 

18.8 

28.8 

>15 

18.1 

25.9 

31.3 

56.9 

43.6 

1-7 

47.5 

40.3 

43.3 

26.8 

41.0 

>15 

21.9 

21.0 

21.3 

39.6 

35.1 

1-7 

46.0 

33.6 

35.0 

26.1 

28.4 

>15 

24.7 

29.6 

30.1 

44.9 

42.0 

1-7 

42.6 

36.9 

35.9 

29.2 

32.5 

>15 

31.6 

30.7 

31.1 

42.0 

38.4 

1-7 

51.3 

44  5 

39.2 

26.3 

31.3 

>15 

21.9 

25.2 

26.2 

44.1 

43.1 

1-7 

51.7 

41.5 

37.5 

23.7 

29.4 

>15 

23.4 

23.3 

26.8 

44.0 

41.9 

1-7 

47,5 

24.7 

22.7 

21.3 

30.2 

>15 

19.7 

34.6 

40.5 

55.2 

46.9 
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Participation  of  Graduate  Students  in  Academic  R&D 


In  1989,  28  percent  of  all  full-time  s<JcK  graduate  stu- 
dents (79,595)  were  supported  by  research  assis- 
tantships.  WTiile  the  total  number  of  full-time  s<^iK  grad- 
uate students  whose  primary  source  of  support  was  a 
research  assistantship  continued  to  rise  to  a  reported 
84,901  in  1991,  the  upward  trend  in  the  proportion  of 
students  so  supported  ended  in  1989 — concluding  a  7- 
year  trend.  For  both  1990  and  1991,  27.5  percent  of 
full-time  graduate  Sc^::E  students  received  such  support. 

Since  1972,  the  Federal  Government  has  provided 
research  assistantships  to  an  increasing  number  of 
full-time  Sc^E  graduate  students  (40.609  or  13  percent 
in  1991),  but  again  the  proportion  so  supported  has 
remained  quite  steady,  fluctuating  around  12  to  14  per- 
cent. Similarly,  although  nonfederal  research  assis- 
tantships were  awarded  to  an  increasing  proportion  of 
students  (from  9  percent  in  1979  to  14  percent  by 
1989),  that  proportion  also  stopped  growing  in  1989. 
The  increase  in  numbers  of  nonfederal  Research  assis- 
tantship awards  continued,  but  the  proportion 
remained  at  14  percent  in  1991.  (See  figure  5-11  and 
appendix  table  5-18.) 

Certain  Sis:E  fields  have  higher  proportions  of  gradu- 
ate students  supported  by  research  assistantships.  The 
physical  and  environmental  sciences  and  engineering 
continue  to  have  the  highest  proportions  of  graduate 
students  supported  by  research  assistantships 
(between  38  and  42  percent),  followed  by  the  Mfe  sci- 
ences (31  percent).  In  contrast,  only  l(i  percent  of 


mathematics  and  computer  science  students  had  such 
support:  this  support  was  evenly  split  between  federal 
and  nonfederal  sources.  Thirteen  percent  each  of  the 
students  in  psychology  and  the  social  sciences  were 
supported  by  research  assistantships  provided  primari- 
ly by  the  nonfederal  sector.  (See  appendix  table  5-18; 
for  more  information  on  graduate  student  support,  see 
chapter  2.) 


Figure  5-1 1 . 

Proportion  of  full-time  graduate  students  in  science 
and  engineering  with  research  assistantships, 
by  source 
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this  proportion  had  risen  to  84. percent.  Similarly,  of 
those  more  than  15  years  beyond  receipt  of  their  doctor- 
ates, ()()  percent  rei)()rle(l  research  involvtMuent  in  Ui79 
compared  to  71  percent  in  1989.  By  1991.  this  trend 
toward  evei'-i^realer  proportions  reportin.i?  research  activ- 
ities appears  to  have  levekul  off  for  most  fields  and  at:e 
,U[roups — and  (^ven  to  have  reversed  in  some  cases.  "File 
attenuation  in  researcli  intensity  is  further  demonstrated 
by  a  llattenin.tr  out  of  the  proportion  of  .t^raduaie  students 
supported  by  research  assistantships.  (See  "Participation 
of  Graduate  Students  in  Academic  R&D"  and  appendix 
table  5-18.) 

Federal  Support  of  Academic  S&E 
Researchers 

Although  the  Federal  (Government's  sZ/crrf' of  academic 
K.K:I)  funding?  declined  from  (v  percent  in  1979  to  about 
()()  perccMil  in  1989.  a  risin^^  proportion  t;f  <iil  academic 
researchers  reported  receivin^^  at  least  some  federal  sui> 
port  for  their  work.  These  increases  were  experienced 
by  ail  a^t"  ^.rroups  and  all  major  fields  (except  the  social 
.scienc{»s,  which  maintained  their  1979  level  of  federal 
support).  By  1991,  the  federal  share  dropped  still  further 


10  58  percc^nt.  and  the  rate  oi  increase  in  federal  fundin.u: 
slowed.  Hk*  (lecade-k)n.ii:  trend  of  increasin.i?  proportions 
of  academic  researchers  with  federal  support  stopped. 
aUhou.t^h  remainin.u:  tjenerally  hitrher  than  a  decade  aj^o 
for  most  fields  and  a.c^e  ^^roups.  (See  appendix  table  5-19.) 

Overall,  the  1991  decline  in  the  federally  supported 
|)roportion  occurred  among  younijer  doctorate-holders, 
especially  those  in  the  piiysical.  life,  and  social  sciences, 
and  in  psycholo.cn.^  Mathematics  (which  traditu)nally  has 
had  a  low  i)roportion  of  federally  supported  re- 
searchers), the  environmental  sciences,  engineering, 
and — to  a  lesser  degree — the  computer  sciences  are 
exceptions  to  the  general  trend. 

Notable  field  differences  exist  in  the  proportion  of 
researchers  with  federal  support.  Ab(r.^e  the  mean  of  58 
percent  for  all  S^K  are  the  environriientiil,  life,  and  physical 
sciences,  and  engineering,  which  ranged  from  65  to  75  per- 
cent. The  computer  sciences,  mathematics,  psyche  logy, 
and  the  social  sciences  are  below  the  mean,  ranging 
from  29  to  48  percent.  (See  figure  5-12.)  For  related 
information  on  federal  support  of  academic  researchers, 
see  "Multiple  Versus  Single  Agency  Suppou"  and 
"Participation  of  Graduate  Students  in  Academic  Riv:.!)." 
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Figure  5-12. 

Academic  doctoral  researchers  reporting 
federal  support,  by  field:  1991 
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Outputs  of  Academic  R&D: 
Scientific  Publications  and  Patents 

A  principal  output  of  univcM-sity  research  is  new  kiiov/1- 
edge— an  output  thai  is  difficult  to  conceptualize  and 
measure.  Nonelhek-^s.  several  useful  indicators  of  the 
outputs  of  academic  k.vD  do  exist.  One  such  indicator  is 
publication  counts— .hat  is.  the  number  of  scientific  and 
Ic^chnical  journal  anicles.  Another  useful  indicator  is  the 
number  of  patents  awarded  to  t  .s.  universities.-  Both  ol 
these  indicatoi-s  arr  discussed  below.  Vov  a  discussion  ol 
another  main  ouiiHi:  <»f  academic  institutions — t^ducaled 
students — to  wiiich  n-search  contributes,  see  chapter  2. 
"Higher  Kducation  in  Science  and  Hngineeriiig." 

World  Literature  in  Key  Journals-^ 

U,S.  Share,  scientists  and  engineers  in  the  United 
Stales  continue  to  produce  a  substantial  share  of  the 
worlds  new  s,vl-:  knowledge.  In  U)91.  I  .s.  authors  inib- 
lished  over  14L\0()()  articles  in  the  natural  sciences  and 
engineering  in  a  set  of  3.5(J{)-plus  journals;  over  70  per- 


S«'t'  chai)U'r  i\  'P-.Urr.'-fi  Invrniions."  lor  a  di^missioii  o\  tlic  liuiiia- 
'i<»n^  r.\  palcnis  daia. 

nirsi'  publioaiioM  o>..:\i  (laia  aiv  ba^-d  on  a  sui  oI  iikut  lhan  :;..')()() 
intluetUial  Ifchnical  jir:r:ials  iraoki-d  by  ihr  InsliluU'  uf  Scieruilic 
ln!(»rmaiii>n  in  iN  sci«'J.  ••  Ciialion  Index.  (Tho  social  st'ti'iicrs  and 
MK'ial  aspects  ol  p^Ncl;  are  noi  captured  In  ihi^  data  sou  II  is 
unclear  what  >hare  oi  Kiial  world  ^.u.  publication^  is  represented 
by  these  j»»uriials.  [Inwf.'-r.  this  sel  is  j^enerally  eonsideied  lo  be  rr\y 
reseniative  of  seientiilc  isA  irchnieal  journals  of  the  Western  indusiri- 
ali/ed  nations,  ihoueli  so  ol  otlvr  eonniries.  Publieation  eounts 
before  IHXI  ;ire  based  n:.  i  smaller  sei  ol  journals— aromul  2.100— but 
matiy  ol  lln'  leiativc  ir-  -.'is  (i.e..  Held  or  countiy  sbart  s)  ap|)car  lo 

1(1  ttiie  across  the       :  ita  sets. 
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eeiU  o!  liiese  i)ublications  came  Irom  the  academic  sec- 
tor. The  total  number  of  f.s.  articles  accounted  for  !)5 
percent  of  the  worlds  output  in  these  fields.  'Hiis  propor- 
tion represents  a  modest  decline  of  about  1  percentage 
point  since  li)81,  continuing  a  gradual  decline  in  world 
share — albeit  at  an  attenuated  rate — that  began  during 
the  197()s.  (See  appendix  table  5-21.) 

This  trend  has  not  affected  all  fields  equally,  (See  fig- 
ure 0-11  and  ai)pendix  table  .1-21.)  In  chemistry,  the 
United  States  had,  by  U)91.  regained  the  worid  share  it 
held  in  the  early  1970s  (23  percent);  in  mathematics,  the 
U.S.  national  share  increased,  even  though  its  actual 
number  articles  declined,  largely  because  of  a  still 
greater  decline  in  the  number  of  articles  in  this  field 
woridwide.  The  reverse  held  true  for  clinical  medicine, 
hi  this  field,  world  publications  increased  more  rapidly 
than  did  the  number  of  U.S.  articles,  leading  to  a  declin- 
ing f.s.  share.  In  engineering  and  technology,  both  I'.s. 
articles  and  r.s.  worid  share  declined  strongly  during 
ihe  1980s,  losing  almost  7)  percentage  points,  (iains  and 
losses  for  some  specific  specialties  (some  of  which  have 
relatively  few  publications)  are  even  more  pronounced. 
(See  appendix  table  i5-22.) 

Nevertheless,  the  I'.s.  share  of  world  publications  far 
exceeds  that  of  any  other  single  country.  (See  appendix 
table  r>23.)  hi  1991,  the  U'nited  States  produced 

♦  2?)  percent  of  the  worid  literature  in  chemistry, 

♦  30  percent  of  physics  publications,  and 

♦  between  'M^  and  12  percent  of  the  literature  in  the 
other  major  fields. 

Foreign  Country  Shares.  Scientists  and  engineers  in 
llie  United  Sl:Ues.  the  European  Community,  and  Jai)an 
produce  about  nvo-thirds  of  the  world  s  influential  S.K:I-: 
literature.  As  noted  c^ariier,  the  United  States  accounts 
t'or  the  largest  share — 35  p<.-rcent  of  the  total  in  1991. 
Authors  in  all  European  Community  countries  together 
accounted  for  another  27  percent,  with  the  United  King- 
dom, (ierniaiiy,  and  France  contributing  7.5.  (5.8,  and  4.8 
percent,  respectively.  Japan  provided  8.5  percent  of  tli(^ 
worid's  total  scientific  and  technical  literature  in  1991; 
the  former  Soviet  Union  contributed  about  7  percent. 
Canada  accounted  for  the  next  largest  share  of  the  litera- 
ture at  4.2  percent.  Sweden,  the  Netheriaiids,  Australia, 
and  hidia  contributed  about  2  percent  each,  as  did  the 
Hastern  and  Central  P^uropean  countries  outside  the  for- 
mer Soviet  Union  (down  from  3  percent  a  decade  earii- 
er).  About  1  percent  each  was  contribut(Hl  by 
Switzerland,  China,  and  the  Asian  newly  industrialized 
countries  group.  The  latter  two  entitles  increased  from 
0.3  and  0.2  percent,  respectively,  in  1981.-'*  (See 
appendix  table  5-23.) 


No(e  tliai  lor  developing  and  Easlern  and  Central  Huropean  coiiu- 
tiies.  absolute  levels  of  publications  are  less  intportant  tban  the  (rends 
in  Ibeir  publiealions  behavior— i.e..  declines  \ur  the  lornior  during  the 
n)H{)s.  and  strontr  inereases  Uroni  a  sniall  base)  for  some  of  the  latter. 
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Chapter  5.  Academic  Research  and  Development 


Multiple  Versus  Single  Agency  Support* 


Between  1979/81  and  1989/91,  there  were  increases 
in  both  the  number  and  percentage  of  S^JcE  doctorate 
recipients  employed  at  I'.s.  universities  and  colleges 
who  reported  that  they  received  support  from  the 
Federal  Government.  Tliese  increases  occurred  in  all 
S&E  fields.  While  the  majority  (80  percent  in  1979/81) 
of  academic  S^^E  doctorate-holders  reported  receiving 
support  from  only  a  single  federal  agency,  a  growing 
proportion— 28  percent  in  1989/91,  compared  to  20 
percent  in  1979/81 — reported  support  from  a  number 
of  agencies.  (See  figure  5-13  and  appendix  table  5-20,) 

The  extent  of  reliance  on  single  or  multiple  agency 
support  varied  considerably  by  s<!v:F:  field  both  in  the 
earlier  and  later  periods.  I-  wever,  all  S&E  fields 
reported  an  increase  in  the  percentage  of  those  feder- 
ally supported  academic  doctorate  recipients  support- 


ed by  more  than  one  agency:  The  largest  increase 
occurred  in  the  computer  sciences,  which  rose  from 
about  21  to  39  percent. 

Mathematical  scientists,  life  scientists,  social  scien- 
tists, and  psychologists  report  the  highest  percentage 
(about  80  percent  in  1989/91)  of  reliance  on  a  single 
agency  for  their  support.  The  lowest  percentage  was 
reported  by  federally  supported  academic  doctoral 
environmental  scientists  (50  percent).  The  remaining 
fields — physical  sciences,  computer  sciences,  and 
engineering — fall  somewhere  in  between  these  pro- 
portions. 

*The  data  underlying  this  discussion  are  derived  from  a  question  in 
ihc  biennial  Survey  t)!'  Doctorate  Recipients.  Respondents  are  asked 
whether  they  have  received  federal  support  and,  if  so,  from  which 
ajiencies. 


Figure  5-13. 

Proportion  of  federally  supported  academic  doctorate-hoiders  reporting  multiple  agency  support,  by  field 
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NOTE.  Each  bar  represents  data  for  two  years  —  either  J979  and  1981  or  1989  and  1991. 
See  appendix  table  5-20 
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Figure  5-14. 

Percentage  change  in  U.S.  share  of  world 
scientific  and  technical  articles:  1981-91 


Figure  5-15. 

Internationally  coauthored  articles  as  a 
percentage  of  all  articles 
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NOTE:  There  was  no  change  in  share  for  biology  articles. 
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International  Coauthorship.  A  strong  trend  is  evi- 
dent toward  international  coauthorship/^"  (See  appendix 
table  5-24.)  In  1991, 11  percent  of  the  world's  scientific  and 
technical  articles  were  internationally  coauthored,  double 
the  proportion  of  a  decade  earlier.  This  rise  in  coauthor- 
ship  has  affected  all  major  fields.  Tne  earth  and  space  sci- 
ences, mathematics,  and  physics  have  the  largest  percent- 
ages of  coauthored  articles.  (See  figure  5-15.) 

U.S.  Publication  Patterns,  Over  60  percent  of  i  .s. 
publications  in  1991  were  in  the  life  sciences,  particularly 
in  clinical  medicine  and  biomedical  research,  which 
together  accounted  for  more  than  half  of  U.S.  publica- 
tions, (See  figure  5-16.)  This  proportion  for  the  life  sci- 
ences as  a  whole  has  been  roughly  stable  over  the  past 
decade.  (See  "U.S.  and  Wg;M  Publications  in  Biology 
and  Biomedical  Research"  and  appendix  table  5-21.) 

The  sectoral  origins  of  U.S.  science  and  engineering 
articles  remained  quite  stable  during  the  1980s  with  a 
marginal  increase  in  the  academic  share  and  offsetting 
declines  in  those  of  FFRDCs  and  the  Federal 
Government.  About  70  percent  of  U.S.  articles  are  pub- 
lished by  academic  researchers.  Industry,  the  Federal 
Government,  and  nonprofit  organizations  contribute  7  to 
9  percent  each,  while  about  3  percent  are  written  by 
FFRDC  researchers.  (See  appendix  table  5-25.) 


'■"Ill  inlemational  coaulhon^hip  situations,  at  least  one  author's  insli- 
♦"tioital  affiliation  Is  in  a  country  different  from  that  of  the  other(s). 


1976 
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NOTE:  Life  science  publications  are  articles  in  clinical  medicine, 
biomedical  research,  and  biology. 
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In  all  fields  except  mathematics,  academic  authors 
supplied  between  60  and  77  percent  of  U.S.  articles.  In 
mathematics,  they  account  for  92  percent  of  the  arti- 
cles.^* Major  field  concentrations  for  industry  are  found 
in  engineering  and  technology  (24  percent  of  total)  and 
in  chemistry  and  physics  (17  percent  each);  major  con- 
centrations for  the  Federal  Government  are  in  earth  and 
space  sciences  (15  percent)  and  biology  (14  percent);  for 
nonprofit  organizations  in  clinical  medicine  (13  percent); 
and  for  FFRDCs  in  physics  (13  percent). 

Industry-University  Coauthorship.  An  increasing 
share  of  the  articles  published  by  industry-based  authors 
is  coauthored  with  academic  scientists  or  engineers.  In 
1991,  35  percent  of  all  industry  articles  had  such  coau- 
thorship— up  from  22  percent  a  decade  earlier.^^  The 
trend  toward  industry-university  coauthorship  affected  all 
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'^Coincidentally.  this  field  has  a  relatively  small  share  of  researchers 
supported  by  fc  lcral  funds. 

'-This  increase  in  universit^.'-industry  cooperation  is  also  reflected  in 
funding  patterns  (see  chapter  4  and  "Financial  Resources  for 
Academic  K&D.  '  earlier  in  this  chapter). 
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Figure  5-16 

Distribution  of  U.S.  publications  by  field:  1991 
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maior  \\rH\>.  .jibcii  u*  vaiyinir  (U'^'rcr^.  liuiusiiy  aniclr>  in 
rlu'ini>iry  :  riiLrinrrrinLr  and  U'clnioiu.i^y  wcrr  Irasl 
WkrW  u»  liav*'  a  univcrsiiy-basrd  coauthor  (LM  aiui  26  prr- 
CfMi.  n'^pcciivoiy):  ihosc  in  [\\c  Wiv  science  llckls  and 
niaihrnKilic>  wrw-  ilu*  most  liUcly  (40  lo  [[)  pcrcciil). 
iSrr  appcn(ii\  lahic 

Patents  Awarded  to  U.S.  Universities 

riic  roccni  marked  increase  in  university  |)altMUin.«r 
niav  be  ^t'en  as  an  indicator  of  the  potential  role  academ- 
ic \<\\i  can  play  in  the  developineiU  ol'  lechnoloKy  and 
new  products.  "Fhe  nund^er  of  patents  awarded  to  l  ,s. 
iniiversiiieN.  which  had  increased  sharj^ly  during  the 
r.KSOv..  vontinued  t  >  rise  throu.udi  (See  appendix 

lable  .v-7.)  In  I  i)ateius  were  awarded  to  aca- 

tlfinic  in>litniions.  c(>nipare(l  to  a  previous  hitrh  ol  1.218 
in  i*J.s^>  atid  onl\-  4;)7  a  decade  earlier.  The  increase  dur- 
intr  the  eii^hiies  was  i)artly  due  to  a  1980  change  in  Cs. 
l)alent  law  thai  alhnvs  academic  institutions  and  small 
l)usine>ses  to  retain  title  to  inventions  resultint^  from  fed- 
erally supported  \<\[),  in  VJ\)l.  I  imiversitios  received 
l.i  p(M*cenl  ol  []\  [  >.  patents,  up  from  1.0  percent  in 
H)S(). 

r!iiver>ity  patenting  increased  i)articula!iy  ra[)idly  dur- 
in.<r  the  second  half  of  the  U)80s  and  early  U)U()s.  in  fact. 
2\  percent  of  all  patents  issued  to  f.S.  academic  institu- 
tions since  VM)\)  wore  awarded  in  U)90-9l.  Prominent 
amouM  higher  volume  i)at(Mit  classes  in  tlu'  latt^  19S()s 
and  early  VM)<  were  those  involvim,^  health  or  biomedi- 
cal applications:  >u[)ercon(luclor  lechn(^lo,tr\*:  chemistiy: 
optics;  and  com|)utin.t(.  electronics,  and  information  pro- 
ce>sin.u.  iSoe  appeiylix  table  3-28.) 

The  lo(*  lar.uest  res(^arch  uiuversiiies  account  for  a 


I^.iirr.is  h  incM'iu  J  ;  i.ifntial  ^muxv  oi  luiuls  tcir  acacicinir  in>liUi- 
liniw.  I  Hi  .1  hill-;  iliM-u^-ion  ol  lhi>^  U)\ni\       ■liu-orui'  [Vorn  I'aU'iuiiiLr 
^     and  I.ii*i  ii>inir  ArranirJ'nv  ni'v" 
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U.S.  and  World  Publications  in  Biology 
and  Biomedical  Research 

There  has  been  a  shift  in  the  relative  field  distri- 
butions between  articles  in  biomedical  research  and 
those  in  bioloj^y,  both  in  the  United  States  and 
worldvv'ide.  Between  1981  and  1991.  the  number  of 
biomedical  articles  published  worldwide  has 
increased  by  24  percent,  and  by  22  percent  for  U.S. 
authored  articles.  In  contrast,  articles  reporting 
biology  research  results  fell  by  9  percent  world- 
v/ide,  and  by  11  percent  for  the  United  States.  (See 
figure  5-17.) 

Figure  5-17. 

Shifts  in  U.S.  and  world  articles  in  biomedical 
research  and  biology 
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large  share  of  all  acad'  ^niic  |)alents — about  85  percent  in 
the  Ui87-91  period.  (See  appendix  table  5-27.)  This  pro- 
i)ortion  was  an  increase  over  the  U)()9-75  period,  when 
these  institutions  received  75  percent  of  the  patents. 
Between  U)69  and  1975,  oidy  64  of  the  top  100  received 
patents:  in  the  UKS7-91  i)erio(K  this  number  rose  to  88. 

However,  a  composition  shift  has  taketi  place  in  aca- 
demic patenting.  The  very  largest  (top  20  by  research 
volume)  and  vny  snuiUest  institutions  (i.e..  those  ranked 
below  100)  are  being  awarded  a  smaller  share  of  all  aca- 
demic patents  than  in  the  past,  vvliile  institutions  I'anked 
21  to  100  have  growing  shares.  (S'^e  figure  5-18.)  This 
trend  r(»flects  relatively  stronger  gtowtli  in  patentmg 
activity  among  the  middle-tier  institutions. 
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Income  Frcm  Patenting  and  License  Arrangements 


.Allhough  no  nationally  representative  data  are  avail- 
able on  the  revenues  universities  derive  from  patents 
and  licensing  arrangements,  a  recent  General 
Accounting  Office  study  ((iAO  1992)  reported  on  the 
patent  and  licensing  activities  of  35  major  research  uni- 
versities: 

"During  fiscal  years  1989  and  1990,  the  35  universi- 
ties in  our  study  (1)  granted  197  exclusive  licenses  and 
339  nonexclusive  licenses  and  (2)  earned  829.3  million 
from  exclusive  licenses  and  852.7  million  from  nonex- 
clusive licenses.  Typical  licensees  given  exclusive 
rights  to  commercialize  the  results  of  federally  funded 


research  were  small  r.S.  businesses;  and  most  exclu- 
sive licensees  were  phannaceulical  biotechnology,  or 
other  medical  companies. 

"Most  of  the  surveyed  universities  substantially 
expanded  their  programs  to  transfer  technology'  to 
businesses  during  the  1980s.  Twelve  universities 
formed  an  office  to  license  technology,  while  many 
others  expanded  and/or  reorganized  their  technology 
licensing  activities.  For  example.  Harvard  University, 
which  granted  its  first  license  in  December  1980, 
granted  39  licenses  in  fiscal  year  1990.  ' 


Figure  5-18. 

Proportion  of  patents  gr  nted  to  academic 
institutions,  by  volume  of  institutions' 
research  activity 
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Highlights 


International  Economic  COmp/Vrisons 

♦  The  United  States  economy  continues  to  rank  as 
the  world's  largest  and  Americans  continue  to 
enjoy  one  of  the  world's  higher  standards  of  liv- 
ing— but  other  parts  of  the  world  are  quickly 
catching  up.  Japan's  economy  was  loss  than  10  per* 
cent  of  the  i:.s.  c^conoiny  in  1960  and  trailed  most  of  the 
major  European  economies.  By  199 L  it  had  j?ro\vn  to 
be  the  world's  second  largest  economy  with  a  p:ross 
domestic  product  iCDV)  twice  that  of  former  West 
Germany  and  equal  to  nearly  42  percent  of  U.S.  GDW 
Several  Asian  newly  industrialized  economies  show 
similar  patterns  of  growth  startinj?  in  the  late  1970s. 

♦  Comparisons  of  general  levels  of  labor  productiv- 
ity, measured  by  (a>P  per  employed  person, 
again  show  other  parts  of  the  world  quickly  clos- 
ing in  on  the  U.S.  lead  position.  For  the  past  40 
years,  labor  productivity  growth  in  the  United 
States  consistently  fell  below  almost  all  other 
countries.  In  1960,  r.s.  (;i)P  per  employed  person  was 
twice  that  calculated  for  most  European  nations  and 
four  times  that  calculated  for  Japan.  By  1991,  the  p:ap 
closed  significantly  with  labor  productivity  rates  in 
many  European  nations  and  in  Japan  rising  to  70  to  90 
percent  of  the  I'.s.  rate. 

The  (Jlobal  M.\rkets  i-or  U.S.  TECHNOuxiv 

♦  The  United  States  continues  to  be  the  leading  pro- 
ducer of  high  tech  products,  responsible  for  over 
one-third  of  total  OECD-country  production. 

However,  its  leadership  is  being  challenged  by  Japan, 
which  increased  its  share  of  OECl)  production  of 
high-tech  products  during  the  1980s  and  early 
nineties. 

♦  The  market  competitiveness  of  I'.S.  high-tech 
industries  varies  by  industrv'.  Of  the  six  industries 
that  form  the  high-tech  group,  three  I'.s.  industries — 
those  producing  scientific  instruments,  drugs  and 
medicines,  and  aircraft— gained  global  market  share 
during  the  1980s  and  maintained  that  market  share 
into  the  early  1990s. 

♦  Despite  a  domestic  focus,  I  .S.  producers  are 
important  suppliers  of  high-tech  products  in 
overseas  markets.  I'.s.  producers  led  all  other 
countries  in  high-tech  exports  in  1981  and  1982. 
Japan's  exports  of  high-tech  products  surpassed  the 
United  Slates  and  (Germany  in  1983  and  continued  to 
lead  by  varying  margins  through  1992. 

♦  Of  the  six  industries  that  form  the  high-tech 
group,  in  1992  Japan  led  the  world  in  exports  of 

Q       communicadon  equipment,  computer  equipment, 
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electrical  machinery,  and  in  exports  of  scientific 
instruments.  The  United  States  was  the  leading 
(^xporter  in  only  one  high-tech  industry — aircraft. 

♦  By  the  mid-1980s,  i;.s.  high-tech  exports  failed 
to  keep  pace  with  U.S.  imports  of  high-tech 
products  producing  persistent  annual  trade 
deficits  through  1992.  Trade  in  computer  and 
office  equipment  shows  the  greatest  deficit  of  all  the 
high-tech  areas.  Nevertheless,  three  of  the  six  high- 
tech areas  continue  to  show  trade  surpluses:  aircraft, 
pharmaceuticals,  and  scientific  instruments. 

♦  The  United  States  is  the  world's  largest  national 
market  for  high-tech  products,  and  L'.S.  demand 
for  high-tech  products  was  increasingly  met  by 
foreign  suppliers  during  the  1980s  and  into  the 
early  1990s.  Import  penetration  of  r.s,  high-tech 
markets  was  deepest  in  the  computer  industry. 
Foreign  suppliers  also  gained  market  share  in  the 
other  industrialized  countries,  including  Japan.  Still, 
as  of  1992,  Japan  continues  to  be  the  most  self-reliant 
among  the  major  industrialized  countries. 

INDLSTRLXL  R&D 

♦  Despite  a  two-decade  decline  in  its  internation- 
al share  of  all  industrial  R&D,  the  United  States 
remains  the  leading  performer  of  industrial  R&D 
by  a  wide  margin.  In  1990,  it  suipassed  the  com- 
bined Rc^D  performed  in  the  industrial  sector  of  the 
12-nation  European  Community  and  was  twice  that 
performed  in  Japan. 

♦  R&D  is  highly  concentrated  in  a  few  industries. 
Eight  industries  accounting  for  over  80  percent 
of  all  industrial  R&D  performed  in  this  country. 

The  aircraft  and  communications  equipment  indus- 
tries have  consistently  been  the  largest  perfomiers  of 
R&D  in  the  United  States.  Th-^  r.s.  computer  and  office 
equipment  industry  has  taken  over  third  place  from 
the  l  .s.  motor  vehicle  industr\^  In  1990,  these  three 
industries  together  accounted  for  over  50  percent  of 
all  industrial  R&D  perlbiTned  in  the  United  States. 

♦  Since  1973,  R&D  performance  in  Japanese  manu- 
facturing industries  grew  at  a  higher  annual  rate 
than  in  the  United  States,  and,  since  1980,  faster 
than  all  other  industrialized  countries.  Industrial 
R&D  in  Japan  is  less  concentrated  than  in  the  United 
States,  with  its  top  three  R&D  performing  industries — 
communications  equipment,  motor  vehicles,  and  elec- 
trical machinery — accounting  for  around  40  percent  of 
national  total  Rapid  R&D  growth  in  the  Japanese  com- 
puter and  office  equipment  industry  during  the  1970s 
and  1980s  moved  that  industry  among  that  country's 
top  five  industry  performers  by  1984, 
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♦  German  industrial  R&D  appears  to  be  somewhat 
less  concentrated  than  in  the  United  States,  but 
more  so  than  in  Japan  with  the  same  five  indus- 
tries leading  the  country  in  r&d  performed.  Tlie 
five  industries  included  in  ihc  top  five  \m)  performers 
in  Germany  mirror  Gemian  commercial  prominence 
as  a  supplier  of  world-class  machinery  and  motor  vehi- 
cles. 

Patented  Intentions 

♦  The  number  of  u.s.  patents  granted  to  Americans 
has  been  increasing  since  1983.  Patent  acdvity  by 
foreign  inventors  in  the  United  States  generally  fol- 
lowed the  I'.s.  trend,  although  the  number  of  foreign- 
origin  patents  granted  declined  somewhat  slower  dur- 
ing 1976-83  and  increased  somewhat  faster  alter  1983. 

♦  Foreign  patenting  in  the  United  States  is  highly 
concentrated  by  country  of  origin,  hwentors  from 
the  European  Community  and  Japan  account  for  80 
I)ercent  of  all  foreign-origin  I  '.s.  patents.  Newly  indus- 
trialized economies,  notably  Taiwan  and  South 
Korea,  dramatically  increased  their  patent  activity  in 
the  United  States  during  the  last  half  of  the  1980s. 

♦  Recent  patent  emphases  by  foreign  inventors  in 
the  United  States  show  widespread  international 
focus  on  several  commercially  important  tech- 
nologies* Japanese  inventors  are  earning  patents  in 
information  technology,  as  are  (lerman  inventors, 
who — along  with  French  and  British  inventors — are 
also  showing  high  activity  in  biotechnology-related 
patent  fields,  hwentors  from  Taiwan  and  South  Korea 
are  earning  an  increasing  number  of  L'.s.  patents  in 
technology  fields  related  to  communications  and  elec- 
tronic componentn'. 

♦  Americans  successfully  patent  their  inventions 
around  the  world.  In  1990.  countries  in  which  I'.S. 
inventors  received  more  patents  than  other  foreign 
inventors  included  Japan,  the  United  Kingdom. 
C/inada»  Mexico.  Brazil,  and  hulia. 

♦  International  patenting  in  three  important  tech- 
nologies—robot technolog>s  genetic  engineering, 
and  optical  fibers — underscores  the  inventive 

introduction 

Chapter  Background 

Perhaps  not  since  the  launch  of  SpuUiik  lias  the  national 
spotlight  been  turned  so  directly  on  the  l'.s.  science  and 
technology  (S<!v'r)  enterprise.  In  these  i)ost  Cold  War  times, 
policy  interests  have  become  more  narrowly  focused  on  the 
economy  and  on  finding  ways  to  improve  I'.S.  economic 
comjxnitiveness.  I'.S.  science  and  engineering,  and  die  tech- 
nnlogies  that  emerge  from  related  research  and  (leveloi> 
jr^'tni  i\<M))  activities.  R-e  widely  recognized  for  theii*  contri- 


activity  by  tlie  United  States,  Japan,  and  Europe 
in  these  diverse  technologies.  Based  on  an  exami- 
nation of  national  patenting  activity  in  33  countries 
during  1980-90.  Japan  and  the  United  States  lead  in 
overall  technological  activity  in  these  areas. 

♦  U,S.  position  in  these  technologies  improved 
over  the  decade  as  did  the  technological  signifi- 
cance of  its  inventions  corrected  for  level  of 
activity.  However.  Japan's  contribution  to  the  most 
significant  work  in  these  technologies  is  lower  than 
would  be  expected  based  on  its  high  level  of  acdvity. 
Great  Britain  and  France  appear  to  produce  signifi- 
cant new  technologies  at  a  higher  rate  than  would  be 
expected  based  on  their  somev/hat  lower  level  of 
international  patent  activity. 

Smaix  High-Tech  Business 

♦  Since  the  late  1980s,  there  has  been  a  sharp 
decline  in  new  high-tech  company  formations. 

This  decline  follows  a  period  of  rapid  formation  of 
such  companies  during  the  second  half  of  the  1970s 
and  into  the  early  1980s, 

♦  Software  development  companies  exhibited  strong 
relative  share  growth  in  the  early  1990s.  Other 
fields  experiencing  such  growth  were  the  biotechnolo- 
gy, advanced  materials,  and  photonics  and  optics  fields. 

♦  Fewer  tlian  7  percent  of  U.S.  high-tech  compa- 
nies are  foreign  owned — down  from  1 1  percent 
just  2  years  ago.  The  United  Kingdom  is  the  largest 
foreign  holder  of  U.S.  high-tech  companies,  followed 
by  Japan  and  Germany. 

New  High-Tech  Competitors 

♦  Several  Asian  countries  seem  headed  toward 
future  prominence  in  technology  development  and 
a  greater  presence  in  global  high-tech  product 
markets,  when  a  model  of  leading  indicators  is  applied. 
Taiwan  and  South  Korea  seem  best  positioned  to 
enhance  their  stature  in  technology-related  fields  and 
their  competitiveness  in  high-tech  markets.  Malaysia 
and  Singapore  could  be  the  next  Asian  "tigers," 
although  their  technological  base  seems  narrower  thr*. 

butions  to  the  Nation  s  economic  gi*o\vlh.  Accordingly,  they 
are  an  imi)()ilant  component  of  the  national  effort  to  improve 
r.s.  competitiveness. 

Bolstered  by  both  private  and  public  investments  in  KS:i\ 
/\jiierican  technological  innovation  si)awned  new  indus- 
tries, revolutionized  the  way  manufacturing  was  done,  and 
raised  expectations  as  to  liow  products  should  perform,  l'.^. 
leadership  in  the  world  economy  was  made  possible  l)y 
these  many  technological  breakthroughs — breakthroughs 
made  possible  by  the  l'.s.  science  and  engineering  enter- 
prise during  the  2()th  centurv'. 
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Today,  ihc  I  niled  Stales  is  i'ddm  a  challenKnnt?  K^lob- 
al  t'conomy  thai  bt'comes  more  (iynainic  and  more 
inlcMisely  compclilivo  with  each  passin^^r  decade. 
iVcviously.  the  lower  paid,  hibor-inlensive  r.S.  iiuius- 
iries  fell  victim  to  global  compeiilioii;  by  the  198()s,  how- 
ever. l".s.  hi^lMech  induslries  also  toiiiKl  intense  fortM^n 
competition — especially  from  japan  and  Europe — in 
markets  they  once  dominated.  And  in  the  U)9()s.  compe- 
tition opened  on  yet  another  front  as  several  of  the 
newly  industrialized  economies  (N'HCs)  posed  new  chal- 
len^^es  for  r.S.  producers. 

A  nation  s  competitiveness  is  often  evaluated  on  its 
ability  to  [)rodtice  goods  that  find  demand  in  international 
markets  while  simultaneously  maintaining,  if  not  improv- 
ing, the  standard  of  living  of  its  citizens.'  .Although  the 
I'.S.  economy  continues  to  rank  as  the  world's  largest, 
and  Americans  continue  to  enjoy  one  of  the  world's  high- 
er standards  of  living,  many  other  parts  of  the  world  are 
closing  the  gap.  (See  figure  (>l  and  appendix  tables  (>1. 
(v2.  and  (kI.)  'Ilie  Clinton  Administration  makes  the  con- 
nection between  investments  in  tcchnolo.gy  and  a  grow- 
ing economy.  Clinton  and  Gore  (1993)  envision 

"...more  high-skill,  high-wage  jobs  for  American 
workers;  a  cleaner  environment  where  energy  effi- 
ciency increases  profits  and  reduces  pollution:  a 
stronger,  more  competitive  private  sector  able  to 
maintain  I'.s.  leadership  in  critical  worid  markets: 
an  educational  system  where  every  student  is  chal- 
U'nged:  and  an  inspired  scientific  and  technological 
research  community  focused  on  ensuring  not  just 
our  national  security  but  our  very  quality  of  life." 

nie  new  administration  sees  the  r.S.  science  and  tech- 
nology enterprise  as  a  resource  that  needs  to  be  more 
committed  to  American  industiy  in  order  that  a  new  r.S. 
paradigm  for  economic  growth  might  be  defined  that 
can  enhance  r.x  industrial  competitiveness  and  sustain 
the  r.S.  standard  of  living.  This  chapter  brings  together 
information  on  s.v::  r  activities  that  are  key  elements  of 
this  nevv  paradigm:  technology  development  and  the 
competitiveness  of  r.S.  industries  that  rely  on  and  com- 
mercialize new  technologies. 

Chapter  Organization 

r.S.  technology  development  and  competitiveness  span 
activities  and  issues  that  cannot  be  fully  explored  in  the 
present  context,  histead.  this  chapter  presents  several 
sets  of  indicators  that  provide  measures  of  national  activi- 
ty and  international  standing  in  these  areas. 

'ITie  chapter  begins  with  a  review  of  market  competitive 
ness  of  manufactured  products  that  incorporate  high  levels 
of  K»S:I>.  produced  by  what  are  often  referred  to  as  high- 


Tor  luriher  discussion  ol  international  compel itiveness,  see 
^     Conipcliliveness  I'olicv  Coundl  ( U)93)  and  o lA  (195)1). 
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Figure  6-1. 

International  economic  comparisons 
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NOTES:  Index:  United  States  =  100.  Country  GDPs  were  calculated 
using  1985  purchasing  power  panties.  German  data  are  for  the  former 
West  Germany  only. 

See  appendix  tables  6-1 .  6-2,  and  6-3. 
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t{'Ohnolo^^'  induslries.-  Tlie  iniponance  of  hi^h-tech  iiidus- 
iiics  is  linked  to  their  lii^^h  \m)  spendin.t?  and  pertomiancc 
which  produce  innovations  that  "spill  over*  into  other  eco- 
nomic sectors  and  because  they  help  to  train  new  scien- 
tists, enjjineers.  and  other  technical  personnel  (see  Tyson 
1992).  'llie  market  competitiveness  of  a  nation  s  technolog- 
ical advances,  as  embodied  in  new  products  and  processes 
associated  with  ti\ese  induslries.  can  also  scnve  as  an  indi- 
cator of  the  effectiveness  of  that  country  s  n^'I  enten^rise. 
'Ilie  marketplace  provides  a  commercial-based  evaluation 
of  a  countrv' s  use  of  science  and  technolo^. 

r.S.  high-tech  industry  competitiveness  is  assessed 
throu^^h  an  examination  of  market  share  trends  in  both 
foreign  and  domestic  markets.  New  data  on  royalties, 
fees,  and  technolo  ry  agreements  are  used  to  gauge  r.S. 
competitiveness  in  terms  of  intangible  (intellectual) 
property  and  technological  know-how. 

'Hie  chapter  then  explores  several  leading  indicators 
of  technology  development  (1)  via  an  examination  of 
changing  emphases  in  industrial  among  the  major 
industrialized  countries  and  (2)  through  an  extensive 
analysis  of  patenting  trends.  New  infomiation  {)n  interna- 
tional patenting  trends  of  r.S.  and  foreign  inventors  in 
several  important  technologies  is  presented. 

The  role  of  small  business  in  higlvtechnologN'  indus- 
tries is  then  next,  primarily  through  new  information  on 
the  technology  areas  that  seem  to  attract  new  business 
formations,  generate  employment  and  export  activity, 
and  attract  foreign  capital. 

The  chapter  concludes  with  a  presentation  of  new  lead- 
ing indicators  that  are  designed  to  klentify  those  countries 
with  the  potential  to  become  more  important  exporters  of 
high-technolog\-  products  over  the  next  15  years.  Current 
data  availability  limits  this  discussion  to  an  examination  of 
the  high-tech  potential  of  several  Asian  countries. 

The  Global  Markets  for  U.S.  Technology 

hi  the  Ignited  States,  two  parallel  developments — the 
growing  import  penetration  of  the  r.S.  domestic  market 
and  the  recent  large  r.S.  trade  deficits— have  drawn 
attention  to  the  country's  ability  to  compete  in  an 
increasingly  international  economy,  hi  particular,  recent 
challenges  to  r.S.  leadership  in  many  high-technology 
product  markets  have  led  policymakers  to  examine  the 
role  of  the  Nation  s  S&T  in  supporting  and  restoring  r.S. 
competitiveness  in  the  global  marketplace. 


There  no  sin.irk'  pnMcrrrd  iiu^thodoloK)'  id'MUilyiiij,'  hij^'li-lrch- 
noloKy  induslrii's.  'V\k^  idcnlificalion  ol  those  iiuhisiries  considered  to 
be  hij,'h*teeh  h:is  generally  relied  on  some  enloulation  eoniparin^r  K^vl* 
intensities.  HaA)  intensity,  in  turn,  has  typically  been  delerniined  l)y 
roniparinR  indusliT  1<»*^IJ  expenditures  and/or  nunibeis  of  technical 
people  employed  (i.e.,  scientists,  enj^'ineers.  technicians)  to  industrv' 
value  added  or  the  total  value  of  its  shipments.  h\  this  chapter,  hiirh- 
Q  h  hidustries  are  identified  usinR  K.vl)  intensities  calculated  by  the 
1 1 /^"^anisadon  for  It^conomic  Co-operation  and  Development. 


There  are  several  reasons  why  high-lech  industries 
are  important  to  the  r.S.  economy. 

♦  High-tech  llniis  are  associated  with  innovation.  iMniis 
that  are  innovative  tend  to  gain  market  share,  c!*eate 
new  product  markets,  and/or  use  resources  more  pro- 
ductively. 'Iliese  characteristics  have  helped  to  make 
high-tech  industries  the  fastest  g!*owing  industries  in 
the  United  Stales  (I TA  m'X  p.  21.  tables  3  and  4). 

♦  High-tech  firms  are  associated  with  high  value- 
added  manufacturing  and  success  in  foreign  mar- 
kets which  helps  to  suppoil  higher  compensation  to 
the  production  workers  they  employ.' 

♦  Industrial  R<K:D  performed  by  high-tech  industries 
has  other  "spillover"  effects.  These  effects  benefit 
other  commercial  sectors  by  generating  new  prod- 
ucts and  processes  that  can  often  lead  to  'productiv- 
ity gains,  business  expansions,  and  the  creation  of 
high-wage  jobs  (Tyson  1992:  H  .\  U)9:'>;  and  Hadk)ck, 
Hecker.  and  Ciannon  1991). 

Tills  section  discusses  r.S.  "competitiveness,"  broadly 
defined  here  as  the  ability  of  r.S.  finns  to  sell  products  in  the 
tnteniational  marketplace.  'Ilie  concept  of  a  nation  s  global 
competitiveness  incoiporates  both  its  ability  to  export  and 
compete  against  imports  in  the  home  market.  Tlie  analysis 
in  this  section  relies  heavily  on  data  compiled  by  the 
Organisation  for  Economic  Co-oix^ration  and  Development 
(OHCD)  and  the  r.S.  Oepaitment  of  Commerce  (i)()C). 

Throughout  this  section,  industr\'-level  data  are  present- 
ed for  manufactured  goods  disaggregated  by  (1)  those 
industries  producing  products  that  embody  above  average 
levels  of  K.Vrl)  in  their  development  (hereafter  refeired  to  as 
the  high-technology  industhcs  and  consisting  of  the  aircraft, 
office  and  computing  equipment,  communications  equip- 
ment, drugs  and  medicines,  scientific  instruments,  and 
electrical  niacliiner\'  industries)  and  (2)  all  other  manufac- 
turing industries.  (See  "OPXD  High-Tech  hidustries.") 

The  Importance  of  High-Tech  Production 

High-technology  goods  are  driving  national  economic 
growth  in  all  of  the  major  industrialized  countries. •  Tlie 
global  market  for  high-tech  manufactured  goods  is  grow- 
ing at  a  faster  rate  than  that  for  other  nianufactu!*ed 


I'or  more  extensive  data  on  avcrnjs'f  earninj^s.  see  H\s  (1991)  and 
Hadldck.  Hecker.  and  (;ann(jn  (1991). 

'The  o\x\)  nu-mbc/  countries  account  lor  ovt-r  73  percent  ol  vilobal 
exports  of  manufactured  Koods  and  account  lor  an  even  hij;her  per- 
centapre  of  overall  exports  of  hi^lvtechnolo^^-  iroods  UIA  19S5,  p.  V,]}. 
riie  24  countries  re[)ortin^'  to  ()!.(.  D  are  .-Viistralia,  .Austria.  Iii'l.t,num/ 
l.uxeml)ourj.r.  Canada.  Denmark.  Finland.  France,  (ireece.  Iceland, 
Ireland.  Italy,  Japan.  The  Netherlands.  .New  Zealand,  Norway. 
Portuj^al.  Spain.  Sweden,  Switzerland.  Turkey,  the  I'niled  Kingdom, 
the  United  States,  and  Oermany, 

.■Mthoupjh  the  ( )[•:(.!)  data  sri  does  not  include  several  nations  of 
increasing:  importance  in  technoloj^^^  markets— ntosl  notably,  the  Hast 
Asian  newly  industrialized  economies — it  does  provide  a  reasonable 
approximati|^n^f  ^)bal  commercial  activity. 
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OECD  High-Tech  Industries 

OECI)  identifies  six  Indusiries  as  bein.t?  high-lcch 
based  upon  iheir  hi^h  H^l)  intensities  (R.^I)  spend- 
ing as  a  percentage  of  production)  relative  to  other 
manufacturini?  industries.  The  OICCD  definition  was 
established  in  1986  using  1980  data.  A  review  was 
conducted  in  1992  and  the  rankings  remained 
unchanged.  Following  are  the  six  high-tech  indus- 
tries, their  International  Standard  Industrial 
Classification  codes,  and  their  1980  R.V:i)  intensities. 
Also  included  are  similar  data  for  the  "other  manu- 
facturing industries"  used  throughout  this  chapter. 

isic  R&D 

Industry  code  intensity 

High-technology 

Aircraft  (Aerospace)                       3845  22.7 

Office  &  computing  equipment  .    ...  3825  175 

Communications  equipment              3832  10.4 

Drugs  &  medicines                         3522  4.8 

Scientific  instruments                       385  4.8 

Electrical  machinery            383  excl.  3832  4.4 

Other  manufacturing 

fVlotor  vehicles                              3843  2.7 

Chemicals  351  and  352, 

excl.  3522  2.3 

Average  for  all  other 

manufactunng  industries  1-8 

The  OECD  categorization  used  here  is  more  restric- 
tive than  the  Department  of  Commerce*s  DOC-3 
high-technolog}'  system,  which  includes  space  tech- 
nologies and  ordnance  as  high-tech  industries.  (See 
H  A  1983.)  Note  that  the  other  manufacturing  catego- 
ry does  not  include  agriculture  or  services. 


goods.  Ill  constant  dollar  terms  (1980)/  production  of 
high-tech  manufactures  by  the  major  industrinlized 
nations  more  than  doubled  from  1981  to  1992.  while  pro- 
duction of  other  manufactured  goods  grew  by  jusl  29 
percent.  (See  figure  (v2  and  appendix  table  {>-4.)  Output 
by  the  high-tech  industries  represented  under  14  per- 
cent of  global  i)roducti()n  of  all  manufactured  goods  in 
1981:  by  1992.  it  represented  22  percent. 


Figure  6-2. 

Global  production  of  manufactured  products 

Trillions  of  1980  U  S  dollars 
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In  the  increasingly  competitive  environment  of  the 
I98()s.  the  United  States,  Japan,  and  Europe  moved  re- 
sources toward  the  manufacture  ol'  higher  value,  lech- 
nology-iiUeiisive  goods.  In  1989,  r.s.  high-lech  manufac- 
lures  represented  23  percent  of  total  f.s.  production  of 
manufactured  output,  up  from  13  percent  in  1981.  High- 
tech manufactures  accounted  for  l(i  percent  of  ihe  [Euro- 
pean Community's  total  production  in  1989,  compared 
with  12  percent  in  1981.  But  the  jai)anese  economy  led 
ail  other  major  industrialized  countries  in  its  economic 
reliance  on  the  high-lech  industries:  this  emphasis  on 
high-tech  manufacturing  began  to  increase  rapidly  dur- 
ing the  middle  part  of  the  decade.  In  1981,  high-tech 
manufactures  represented  nearly  17  percent  of  total 
Japanese  production,  rose  to  22  percent  in  1984.  and 
then  to  29  percent  in  1989.  (See  figure  (>3.) 

Data  for  the  1990s  indicate  a  continued  focus  on  high- 
lech  manufactures  among  the  industrialized  countries. 
High-tech  manufactures  are  estiniated  to  represent  27 
l)ercent  of  U.S.  manufacturing  output  in  1992,  31  percent 
of  Japan's  and  nearly  17  percent  for  the  European 
Communiiv  countries.'' 


c 


Hu*  c()nvtTsi(ni  iiU"  C(»nsuiiil  1980  dollar^  is  rlono  \\\  twn  steps: 
I.  rnuluc-sprrinc  ;;ricf  chaiipfos  lu  v  i-cinoved  by  (U-llaliti.vr  the  nii- 
ivni  dollar  <vtu  <  lor  each  j)r()duct  caie.irorv'  (lor  all  countries) 
usiiiK  ihe  price  :r.(lex  (lUHO  -  l.O)  for  the  corresponding^  mdus- 
(ly  in  OKI/Mcdraw-Hill's  4:-5()-sector  intcr-indusliT  timdel  (4  the 
I  economy. 

'2.  All  prodiiction  -r-nes  for  a  ^i\cn  counlr\'  arc  tiuilliplied  by  tlu» 
ralio  ol  the  l  ^ross  tiational  prt^luct  deflator  to  the  ^ross 
(lonicsiic  product  deflator  of  that  couiUr>'  to  adjust  for  differences 
in  the  K<'n(*ral  rate  of  inflation.  ,  ,s 


Share  of  World  Markets 

Throughout  the  198()s  and  early  199()s,  the  I'nited 
States  was  the  world*s  leading  producer  of  high-tech 


Data  for  1991  atui  W2  are  estimates  by  l>kl/\Ic(:raw-liill. 
World  market  sharrs  are  calculated  tisin.ir  data  on  oi-cO  production 
cotitaiiied  in  appendix  table  t>-4. 
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Figure  6-3. 

High-tech  industries'  share  of  total  manufacturing 
output 
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products,  responsible  for  over  one-third  of  total  oixn 
member  country  production  during?  this  period,  l  .s. 
,trlobal  market  share  did  decline  sli^jhtly  from  1981  to 
1986,  but  the  trend  was  reversed  be^jinnin^^  in  1987.  The 
r.s.  share  of  the  world  market  for  high-tech  manufac- 
tures ^^rew  irregularly  after  1986,  but  by  1992,  i:.s.  high- 
tech industries  were  able  to  recapture  the  market  share 
lost  during  the  early  eighties. 

While  r.s.  high-tech  industr\'  struggled  to  maintain 
market  share  during  the  1981-92  period,  Japanese  high- 
tech industries  follo\  :d  a  path  of  steady  gains  in  global 
market  share.  In  1992,  Japan  accounted  for  nearly  28 
percent  of  ol-XD  member  country  production  of  high- 
tech products,  moving  up  6  percentage  points  since 
1981.  (See  figure  6-4.) 

Japanese  gains  in  global  high-tech  markets  appear  to 
have  been  made  at  the  expense  of  European  Community 
high-tech  producers:  C/ermany,  France,  and  Italy  all 
steadily  lost  market  share  between  1981  and  1992. 
British  high-tech  producers  actually  gained  market 
share  for  most  of  the  eighties  before  joining  the  general 
European  high-tech  decline  in  1989.  This  decline  contin- 
ued into  the  early  nineties,  ultimately  leaving  British  pro- 
ducers with  a  smaller  share  of  oivCD  high-tech  produc- 
tion in  1992  than  it  held  in  1981. 

ERJC 


Global  Competitiveness  of  Individual 
Industries 

The  marl^et  competitiveness  ol  individual  r.s.  high- 
tech industries  varies.  Of  the  six  industries  that  form 
the  high-tech  group,  three  r.s.  industries— those  pro- 
ducing scientific  instruments,  drugs  and  medicines,  and 
aircraft— gained  global  market  share  during  the  1980s 
and  maintained  that  market  share  into  the  early 
nineties.  The  r.s.  computer  and  office  equipment  indus- 
try experienced  the  sharpest  drop  in  global  market 


Figure  6-4. 

Region/country  share  of  global  high-tech  market 
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vhaiT  of  Ihc  six  hi.^h-Urh  iiulusirics  durin.u:  lUo  TJSOs, 
but  also  rcboundi'd  wiih  lh('  .irr^'alesl  train  in  market 
>hare  in  ihc  c'arly  nineties.  (See  fi.u:iire  (S).) 

As  of  1992,  the  Tniled  States  was  slill  the  worlds  lead- 
ini^  producer  in  the  followin.^  IukIm^'cU  industries; 

♦  aircrail  (accounting  lor  60  percent  of  olXD  produc- 
tion), 

♦  scientific  instnniienls  (4tS  percent), 

♦  computers  and  office  equipinent  (4:5  percent),  and 

♦  ])harmaceuticals  C^O  |)ercent). 

\Miere  it  once  dominated  hiKlMech  markets  both  at 
home  and  abroad,  I'.s.  leadership  is  now  challenged  on  a 
variety  of  fronts,  hi  the  following  sections,  I'.s.  competi- 
tiveness is  examined  first  in  foreii^n  markets  and  then  in 
the  r.s.  home  market. 


Figure  6-5. 

U.S.  global  market  share,  by  high-tech  industry 
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Exports  Share  of  Total  Manufacturing 
Production 

Historically,  the  United  States  has  not  been  an  econo- 
my oriented  toward  sei-vin^  foreij,m  markets.  \\\  fact,  in 
the  United  States,  exports  account  for  a  smaller  propor- 
tion of  manufacturers'  shipments  than  in  any  other 
industrialized  economy.  (See  feure  (v(\)  From  1981  to 
1985,  I'.S.  producers  exported  about  8  to  9  percent  ot 


Figure  6-6. 

Ratio  of  exports  to  production  for  ail  manufacturers 
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NOTE;  German  data  are  for  West  Germany  only. 
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U)tal  domestic  production;  this  proportion  rose  to  nearly 
13  percent  in  1992.  By  comparison.  durin^T  this  same 
period,  Japanese  producers  exported  15  percent  of  that 
countiy  s  domestic  production  in  1981,  18  i)crcent  by 
1986,  and  22  percent  by  1992.  European  Community 
manufacturers  exported  even  higher  percenta.u:es  of 
domestic  output.  In  1981,  European  producers  exponed 
'M  percent  of  total  production,  over  ;^>8  percent  in  1986, 
and  nearly  48  percent  by  1992.-^ 

Wliilc  t'.s.  producers  have  reaped  many  benetlts  from 
having  the  lar^^est  home  market  in  the  world,  mounting 
trade  deficits  of  the  1980s  also  generated  concern  about 
the  need  to  expand  U.S.  exports,  t'.s.  hiRh-tech  industries 
have  traditionally  been  more  successful  than  other  t'.s. 
industries  in  forei^  markets.  Consequently,  hi^^h-tech 
industries  h?ive  attracted  considerable  attention  from  poli- 
cymakers as  ihey  seek  ways  to  return  the  United  States  to 
a  more  balanced  trade  position, 

Foreign  Markets.  Despite  their  domestic  focus,  r.^. 
producers  are  important  suppliers  of  hi^^h-tech  products 
in  overseas  markets.  Still,  the  1980s  i)roved  to  be  ehal- 


'Thcst'  fiKurcs  incliKlc  trade  between  individual  Kuropean  nations.  Il 
data  were  available  that  excluded  this  inlra-luiropean  trade,  exports  by 
l-uropean  producers  would  represent  a  siKnificanlly  smaller  share  o! 
total  output. 
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Figure  6-7. 
High-tech  exports 
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iradc  fi.i^ures  si.ufnificantly  in  ihis  calculation  ol'  ihe 
Kuropcaii  share  oioi-ci)  exports. 

During  the  early  eii^hlies,  noiihi^h-tech  indus- 
tries, as  a  ^^roup,  experienced  similar  difficulties  in  for- 
eign markets.  Throui^houl  the  19S1-92  period,  i  .S.  high- 
tech industries  held  about  twice  the  forei.tyn  market 
share  of  other  r.s.  manufacturing  industries. 

Industry  Comparisons.  Durint^  the  198()s  and  into 
tlie  next  decade,  Japan  successfully  gained  forei^  niar- 
ket  share  in  five  of  the  six  individual  hi^li-tech  indus- 
tries. By  1992,  the  United  States  led  in  only  one  indus- 
try— aircraft — with  a  4()-percent  share  of  total  Ol-CI) 
exports.  (.Germany  also  led  in  only  one  industiy  in  1992, 
holding  a  17-percent  share  of  oi-XM)  exports  of  pharma- 
ceuticals. 'Hie  1992  data  show  Japanese  industry  leading? 
the  industrialized  world  in  exports  in  the  other  four  high- 
tech industries.  (See  figure  (>8.) 
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Figure  6-8, 

Export  market  share:  1992 


IcMigiiig,  as  the  r.s.  share  of  foreign  markets  (Iropi)ed 
steadily  from  2:)  [)ercent  in  1981  to  IS  i)ercent  in  1986." 
'Ilie  strength  of  the  I'.s.  dollar  during  the  early  eighties 
hampered  r.s.  compet»Mv(Miess  globally.  Hut  as  a  conse- 
([uence,  r.s.  producers  were  driven  to  be  more  innova- 
tive, to  imi)rove  product  performance,  and  to  increase 
manufacturing  efficiency.  Better  products,  coupled  with 
a  weakening  dollar,  led  to  a  rise  in  foreign  market  share 
after  198(3,  and  r.s.  high-tech  industries'  share  of  OKCD 
ex|)r)i1s  rebounded  to  20  percent  by  1988.  However,  an 
intensifying  global  economic  slowdown  and  an  appreciat- 
ing r.s.  dollar  once  again  sidetracked  r.s.  export  growth, 
and  the  r.s.  foreign  market  share  sli|)ped  to  just  below 
US  percent  in  1992. 

The  United  Slates  is  no  longer  the  world's  leading 
exporter  of  manufactures  produced  by  high-tech  indus- 
tries. Beginning  in  1983,  Japan  surpassed  the  I  nited 
Stales  and  (Germany  in  overall  high-tech  exports  and 
continued  to  lead  by  vaiying  margins  through  1992. 
(See  figure  6-7.)  In  1992,  Japan  accounted  for  23  per- 
cent of  OKCI)  member  country  high-tech  product 
exports,  compared  with  18  percent  for  the  United 
Stales  and  12  percent  for  (iermany.  European 
Community  manufacturers  have  been  responsible  for 
47  to  50  percent  of  ()i:ci)  high-tech  exports  throughout 
the  198()s  and  early  1990s,  although  intra-Iiuropean 
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U.S.  Trade  Balance 

Durinjr  the  19cS()s  and  into  the  early  1990s,  tiie  United 
States  ran  consistent  trade  deficits,  iniporlinj^  more  man- 
ufactured products  than  it  was  able  to  export.  A  stronp; 
r.s.  dollar  durinjx  the  early  ei^^hties  led  to  a  rise  in  import- 
ed merchandise  while  exports  remained  stagnant.  As  the 
dollar  weakened  during  the  late  1980s,  I'.s.  exports 
surged,  growing  at  an  average  rate  of  nearly  14  percent 
per  year  during  the  1985-89  period.  I'.s.  demand  for 
imports  slowed  somewhat  during  this  periods  allowing 
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tor  a  naiTowinjx  of  iho  r.s.  inidc  dc'ficit.  Tlie  l  .s.  nicr- 
chandise  Iradc  deficit  continued  lo  narrow  as  the  199()s 
l)ej^an,  dropping?  lo  a  7-year  low  in  1991.  Only  one  addi- 
tional year  of  data  was  available,  but  it  indicates  a  wors- 
cmniT  of  the  deficit.  (See  figure  (>9.) 

l".s.  high-tech  exports  have  traditionally  overshad- 
owed I'.s.  imports  of  hi^jlvtech  products.  Nevertheless, 
trade  surpluses  bej^an  to  narrow  durin^^  the  198()s  and 
finally,  in  1984,  f.S.  imports  of  forei.im  hiK^h-tech  prod- 
ucts exceeded  f.S.  hi^^h-tech  exports.^"  The  r.s.  trade 
position  in  hi^rh-tech  products  improved  in  1987  and 
1988,  but  deteriorated  quickly  as  ihe  nineties  began. 

f.S.  trade  in  nonhigh-lech  products  produced  consis- 
tent trade  deficits  throughout  the  12-year  period  exam- 
ined (1981-92).  As  seen  for  f.S.  trade  in  high-tech  prod- 
ucts, f.S.  trade  in  all  other  products  worsened  (larger 
trade  deficits)  through  the  early  and  mid-1980s:  it  then 
improved  (narrower  deficits)  in  the  hitter  part  of  the 
decade.  Unlike  trade  in  high-tech  products,  f.S.  trade  in 
other  manufaciures  continued  lo  produce  narrower 
deficits  in  1990  and  1991.  By  1992,  f.S.  trade  in  nonhigh- 
lech  products  also  began  to  produce  a  larger  trade  deficit. 

Individual  Industry  Comparisons,  The  trend  shown 
for  the  composite  f  .s.  high-tech  grouj)  masks  strong  per- 
formances by  several  f.S.  high-tech  industries.  In  three 
of  the  six  high-tech  areas,  f  .s.  industry  exports  exceed- 
ed imports  of  like  products  throughout  the  12-year  peri- 
od examined.  (See  figure  (>10.)  Tlie  [^s.  aircraft  industiy 
led  all  other  f.S.  high-tech  industries'  trade  performance, 
fijenerating  consistent  and  widening  trade  surpluses.  'Ilie 
f.S.  scientific  instruments  industry  registered  a  trade 
surplus  in  1992  that  exceeded  any  previously  recorded 
sun^lus  for  this  industrv'  since  1981.  The  f.S.  i)harmaceu- 
lical  industr\'  has  also  found  receptive  markets  overseas 
and  contributed  positively  to  the  overall  f.S.  trade  posi- 
tion consistently  during  1981-92. 

'Ilie  remaining  three  high-tech  areas  had  very  differ- 
ent trade  experiences.  The  United  States  ran  a  trade 
deficit  in  communications  equipment  and  electrical 
machinery;  this  imbalance  grew  annually  during  the 
198()s  and  continued  to  worsen  through  1992.  But  trade 
in  computer  and  office  equipment  showed  the  greatest 
deficit  of  all  the  high-tech  areas.  From  1981  to  1986,  the 
United  States  exported  more  computer  and  office  equip- 
ment than  it  imported.  In  1986,  that  surplus  declined 
sharply,  priming  an  eventual  turn  to  escalating  deficits  in 
the  United  States"  computer  and  office  equipment  trade. 
Throughout  the  12-year  period  examined,  the  growth  in 


Trade  daia  (cxporls  and  iiu|)()ns)  art*  availablf  on  a  produi'i-lcvol 
basis:  production  data  are  not.  To  conlonn  with  the  production  and  trade 
data  used  elsewhere  in  this  chapter,  the  discussions  of  trade  balances 
are  based  on  indusU^Mevel  data.  'Hie  industo'-lcvel  oi-Cl)  definition  of 
high-tech  no  lojo'  trade  used  here  shows  more  midterm  fluctuations  and 
an  earlier  trade  deficit  for  f.s.  hi^rh-tech  trade  than  trends  portrayed 
usinfr  certain  product-level  definitions.  See  uoc  (1983)  and  Abbott 
( 1991)  for  teclmical  discussions  of  alternative  hiKh-tech  definitions. 
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Figure  6-9. 
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I'.S.  exports  of  computer  and  office  equipment  did  not 
keep  pace  with  U.S.  imports.  By  1992,  this  trend  pro- 
duced a  $44  billion  trade  deficit— nearly  three  times  the 
size  of  the  U.S.  trade  surplus  in  aircraft  equipment. 

Trade  Experience  for  Major  Competitors.  Japan 
alone  among  the  United  States'  major  competitors  saw- 
its  trade  in  high-tech  manufactures  produce  larger  and 
larger  surpluses  during  the  1980s  and  into  the  early 
1990s.  Its  trade  in  other  manufactures  produced  stable 
surpluses  from  1981  to  1987,  but  then  turned  to  a  deficit 
position  as  imports  of  other  products  surged,  over- 
whelming Japan's  small  but  continuing  export  growth  in 
these  industries.  (See  figure  6-9.)  These  diverging 
trends  once  again  illustrate  Japan's  nearly  complete 
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Figure  6-10. 

Trade  balances  for  high-tech  industries 
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conversion  to  an  economy  that  has  tied  its  future  e^-^o- 
noniic  ^^rowth  to  the  technolo.t^\'-intensive  industries. 

Concurrent  with  the  erosion  of  the  l^S.  trade  position 
in  computer  and  office  equipment  has  been  the  eni^'r- 
.i^erce  of  Japan  as  a  ^^lobal  supplier  of  computer  haf*d- 
ware-related  products.  In  fact,  the  escalating  trade  sur- 
plus i^enerated  by  Japan's  hi^^h-tech  industries  a^^  a 
^ijroup  was  largely  driven  by  its  computer  and  office 
equipment  industiy.  Of  the  six  industries  included  in  the 
high-tech  cate.G:on\  in  1992,  Japan  had  a  trade  surplus  in 
four  (in  order  of  contribution  to  its  surplus  in  hightech 
products):  computer  and  office  equipment,  communica- 
tions equipment,  electrical  machinery,  and  scientific 
instruments.  (See  tlgure  (>1().) 

The  Home  Market 

A  countrv'*s  home  market  is  often  thought  of  as  the 
O   natural  destination  for  its  manufactured  output.  For 
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obvious  reasons — including  proximity  to  the  customer 
and  common  language,  customs,  and  ctirrency— market- 
ing at  home  i^  easier  than  marketing  abroad. 

But  in  today's  global  marketplace,  product  origin  may 
only  be  one  factor  among  many  influencing  the  con- 
sumer's choice  between  competing  products — price, 
qtiality,  and  product  performance  will  often  be  more 
important  factors  guiding  product  selection.  'Inus,  in  the 
absence  of  prohibitive  trade  barriers,  the  intensity  of 
competition  faced  by  domestic  producers  in  their  home 
market  can  approach,  if  not  equal,  the  level  of  competi- 
tion faced  in  foreign  markets.  Given  the  large  size  and 
appetite^  of  the  I'.s.  market,  examination  of  I'.s.  competi- 
tiveness at  home  is  critical  to  an  understanding  of  the 
country's  global  competitiveness. 

Import  Penetration:  High-Tech  Markets,  The  United 
States  represents  the  world's  largest  national  market  for 
high-tech  products.  During  the  1980s,  high-tech  demand 
in  the  United  vStates — as  well  as  in  the  other  major  indus- 
trialized countries—was  increasingly  being  met  by  for- 
eign suppliers.  (See  figure  and  appendix  table  (>5.) 
Imports  supplied  about  11  percent  of  the  U.S.  demand  for 
high-tech  products  in  1981:  by  1989.  this  percentage  rose 
to  26  percent  and  then  to  28  percent  by  1992.  While  r.s. 
l)roducers  still  supply  nearly  75  percent  share  of  the  large 
r.S.  home  market,  these  producers  often  count  on  supply- 
ing the  home  market  in  order  to  achieve  the  economies  of 
scale  that  aid  r.S.  competitiveness  in  foreign  markets. 


Figure  6-11. 

Import  penetration  of  high-tech  markets 
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Figure  6-12. 

Import  penetration  of  six  high-tech  markets 
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Tin-  japancsc  hoiiu'  inarki'l.  historically  the  mo^l  st'lf* 
ri^liaiU  of  [hv  major  inciuslriah/ed  countries,  also 
increased  its  i)urchases  of  forei^un  technoloKios  di:rin.ij 
the  HKSOs;  this  trend  continued  into  the  early  ll)9()s.  In 
UKSL  imports  of  hiKdvtech  manufactures  supplied  per- 
cent of  Japanese  domestic  consumption,  rising?  steadily 
to  15  percent  by  1989,  and  to  nearly  19  percent  by  1992. 

Pro.irress  toward  the  creation  of  a  more  economically 
unified  market  in  Kuroi)e  has  fostered  even  greater 


trade  amoiiu  the  economies  ol  the  European  Lom- 
muniiy.  the  Kuroi)ean  I''r(»e  Trade  Association."  and 
more  recently,  with  liastern  luu'ope  count!*ies.'  Many 
of  the  relbrms  introduced  to  r(Miu)ve  barriers  hampii*- 
intr  trade  within  luirope  have  dso  had  th(»  eff(»ct  of 
making  luirope  an  even  more*  aitractiv(»  market  to  the 
rest  of  tlu»  world.'  "  Rapidly  risin.u  import  peni'tration 
ratios  in  the  major  luiropean  economic»s  during  the 
later  i)art  ol  the  19(S()s  and  early  199()s  nMlecl  these 
chan.trinK  circumstances  and  hi.^hli.i^ht  .trreater  trade 
activity  in  Huropean  hi^h-tech  markets  when  compared 
with  i)roduct  markets  lor  less  technology-intensive 
manufactures. 

Hi^di  import  penetration  ratios  ai)parent  durin.u  the 
late  ei^htit'S  and  early  nineties  also  refU»el  an 
increased  trend  in  luirope  toward  cross-bordcT  produc- 
lion  of  capital  and  technolo.uy-intensive  K^oods,  The 
number  of  nuM*.tr(M*s  and  accjuisiiions  invoivinj.; 
ha!n)j)e's  lari^est  firms  ros(^  sharply  durin.i^  the  mid-  to 
late  19SUS  and  were  heavily  concentrated  in  luirope's 
manulacturin.u  industries  (lli  1992,  pp.  l-!5  to  MS). 
Amon.u  l-'uroi)e  s  more  technolo.u^y-iiUensive  industries, 
a  larixe  number  of  mei'^ers  and  acquisitions  have  taken 
place  ir.  ihe  chemical,  machine  tool,  and  electronics 
industries.'  * 

Import  Penetration:  Closer  Look  at  Japanese  and 
U,S,  Home  Markets,  by  Industry,  I*oth  the  i  .s.  and 
.Iai)anese  domestic  markets  have  become  increasin.i^ly 
internationalized  in  all  hi.i^h-tech  in(lustri(»s.  (See  ll.ufure 
(vl2,)  I-'or  example,  durin.i^  the  19iS()s,  of  the  six  hi.i^h-tech 
industries  examined,  the  f.s.  comi)uter  and  offiC(»  (»qui|>- 
ment  industr\*  experienced  the  j^^reatest  rate  of  increase  in 
import  competition  from  ')th(M*  iiuhistriali/ed  countri(»s. 
but  es|)ecially  from  Japan.'  I'.s.  industr}'  continues  to 
dominate  its  home  market  for  aircraft  and  j)harmaceutical 
|)ro(lucts. 

During  the  19S()s,  forei^ni  suppliers  ;^ained  a  lar.i^er 
presence  in  several  of  Japan's  hi.i^h-tech  markets, 
l-'orei^n  supplit*rs  of  aircraft  and  related  i)roducts  have 
traditionally  been  ver\'  successful  in  sellinj.^  in  japan:  that 
success  was  rei)licated  in  several  other  hit^h-tech  mar- 
kets, especially  after  1985.  hnports  increasinijly  supi)lied 
an  expanded  demand  for  computers  and  office  equip- 
ment and  scientific  instruments  in  Japan,  f.s.  manufac- 
turers of  these  hi):^h-tech  products  were  })articularly  sue- 
cesrful:  f.s,  manufacturers  of  computer  and  office 
equipment  and  of  scientific  instruments  have  not  simply 
increased  their  market  share  in  japan,  but  have  also 


riu-  Km'opcMii  Krec  Tradi^  A>s()ciatiou  is  composrcl  ol  Austria, 
l-'iniand.  Ircldttd.  Norway.  Sweden.  Swil/frland.  and  LiochlensUMn. 
•  Trends  in  l-.ui'n|)<Mn  trade  arc  presented  in  lie  iWl). 
Ivfforts  have  been  ntade  U)  increase  "harntonizalion"  ol'  natioital 
laws  on  intellectual  properly,  customs  controls,  and  niles  i^ovrrnin.u 
product  slandartls.  tesiiaj^,  and  leslinK  procedures. 

M-'or  a  discussion  ot  iniemalional  k\l)  alliances,  see  chatter  I. 
■  Inlonnation  on  il\e  source  ol  imports  is  dei  ived  from  pn)duci-level 
irad(^  data 
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continued  lo  dwarf  iho  market  share  uains  made  by  siii>- 
pliers  from  all  other  major  uulusirialized  countries.'"' 

Royalties  and  Fees  Generated  From 
Intellectual  Property 

The  United  States  has  traditionally  maintained  a  large 
surplus  in  international  trade  of  intellectual  property. 
Trade  in  intellectual  property  includes  the  licensin^^  and 
franchising?  of  proprietary  technoloj^ies.  trademarks,  and 
enteitainment  products.  Tliese  transactions  generate  net 
revenues  for  L'.S.  firms  in  the  form  of  royalties  and  licens- 
ing fees. 

U.S.  Royalties  and  Fees  From  All  Transactions. 

I'.S.  receipts  from  all  trade  in  intellectual  properties 


"This  infornuilion  on  Japan's  sourer  oi  imporitMl  conipuUM-s  ami 
olfico  equipmeni.  scionlific  inslninuMUs,  and  oihc-r  hiiilMfch  producis 
IN  rxuaclrd  from  Tradr  Scries  C  (lala  procrssrd  by  DKI/ 

Xk'Cj raw-Hill  tindcT  coniracl  lo  llu*  .Naiional  Si  iiMuo  l-oundaiion. 
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Royalties  and  fees:  U.S.  trade  balance 
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approached  billion  in  U)i)K  nearly  double  r.s.  firm 
receipts  recorded  just  n  yt^ars  earlier.  (See  appendix 
table  During  the  i)eriod  19^7-91.  r.s.  firms* 

receipts  were  generally  four  to  five  times  as  lar^e  as 
r.s.  payments  to  foreipjn  firms  foi*  intellectual  property. 
Most  (about  75  percent)  of  these  latter  transactions 
involved  exchanges  of  intellectual  property  between 
I  '.s.  firms  and  their  foreign  affiliates.  (See  figure  (>1!1) 
l^xchanges  of  intellectual  property  between  affiliates 
allow  for  a  much  higher  l(»vel  of  control  to  the  leasing 
firm.  The  fi'equency  of  such  exchanges  between  related 
parties  is  growing  faster  than  those  between  unaffiliat- 
ed firms,  suggesting  greater  internationalization  of  r.s. 
business. 

U.S.  Royalties  and  Fees  From  Trade  in  Tech- 
nical Knowledge.  Data  on  royalties  and  fees  can  be 
disaggregated  to  illuminate  trends  in  technical  knovvl- 
cdge.  Receipts  and  payments  for  patents  and  technical 
knowledge  are  an  indicator  of  firms'  teciinological 
prowess.  Transactions  among  uitaffiliated  firms — where 
prices  are  sel  through,  a  market-related  bargaining  pro- 
cess— tend  to  refiect  the  exchange  of  technology  and  its 
market  value  at  a  given  point  in  time.  Unaffiliated  transac- 
tions are  generally  subject  to  less  owner  control  than 
transactions  between  affiliates,  'llierefore.  examining  the 
record  of  the  resulting  receipts  and  payments  provides  an 
indicator  of  the  production  and  diffusion  of  technical 
knowledge. 

The  United  States  is  a  net  expoiier  of  technology  sold 
as  intellectual  property.  Royalties  and  fees  receivcut 
from  foreign  tlrms  have  been,  on  average,  three  limes 
that  paid  out  to  foreigners  by  r.S.  firms  for  access  to 
their  technology,  r.s.  receipts  from  such  technology 
sales  totaled  billion  in  1991.  up  from  SI. 7  billion  in 
1987.  (See  figure  (>14  and  appendix  table  (>7.) 

Japan  is  the  largest  consumer  of  r.s.  technology  sold 
in  this  manner.  In  1991.  Japan  accounted  for  47  ix'rcent 
of  all  such  r.s.  receipts,  while  the  Western  European 
countries  (i.e..  the  European  Community)  together  rep- 
resented 18  percent.  South  Korea  increased  its  purchas- 
es of  r.s.  technological  know-how  sharply  during  the  5 
years  for  which  data  are  available.  It  became  the  second 
largest  consumer  of  r.s.  industrial  processes  with  a  9- 
percent  share  in  1991.  up  from  just  a  2-percent  share  in 
1987. 

To  a  large  extent,  the  r.s.  surplus  in  the  exchange  of 
intellectual  property  is  driven  by  trade  with  Japan  and  the 
newly  industrialized  Asian  economies.  In  1991,  r.s. 
receipts  (exports)  from  technolo.gy  licensing  transactions 
were  11  times  r.s.  firm  payments  (imports)  to  Japan.  On 
the  other  hand,  the  r.S.  trade  surplus  with  Europe  in 
sales  of  technological  know-how  declined  over  the  past  5 
years  (1987  to  1991).  (iermany  represented  the  largest 
European  trading  partner  in  these  transactions;  more- 
over, it  was  the  only  country  in  the  world  with  which  the 
United  States  had  a  persistent  technical  knowledge  trade 
deficit. 
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International  Trends  in  Industrial  R&D' 

The  indusirial  sector  is  the  main  source  of  the  new 
lechnoUwes  and  products  thai  aid  national  economic 
con)petiliveness.  hi  hipfh-wa^^e  countries  like  tlie  United 
Slates,  industries  stay  competitive  in  a  ^dobal  market- 
place throuj?h  innovation,  hinovation  can  lead  to  better 
production  processes  and  better  performin^^  products 
(i.e..  more  durable,  more  economical,  etc.);  it  can  there- 
by provide  the  competitive  advanta^^e  hi^Mvwa^^e  coun- 
tries require  when  competii.^j?  with  low-waj?c  countries. 

Research  and  development  activities  provide  aii  incubator 
tor  new  ideas  that  lead  to  new  processes,  [)rodiicts — and 
even  new  industries.  Wliiic  not  the  only  source  ot  new  inno- 
vations. U.KrI)  activities  conducted  in  industry-run  laborato- 
ries and  facilities  are  associated  with  many  of  the  important 
new  ideas  that  have  helped  shai)e  modem  technology.'*'^  VS. 
industries  thai  traditionally  conduct  large  amounts  of 
have  met  with  greater  success  in  foreign  mrxkets  than  less 
i<vv:-l)-intensive  industries  and  have  been  more  supponive  of 
higher  wag(*s  tor  their  employees.'" 

This  section  examines  RcKri)  trends  using  a  database 
developed  at  OKCD.  It  describes  trends  in  all  industrial 
R.^n  performed  from  1973  through  1990.  regardless  of 
the  source  of  its  funding.-"  llie  discussion  begins  with  a 
comparison  of  overall  trends  in  industrial  \<^K:\)  activity. 
This  analysis  is  followed  by  a  discussion  of  trends  in  the 
top  Kc^D-performing  manufacturing  industries  in  the 
United  States  and  in  those  of  our  two  major  competitors 
in  the  global  marketplace,  Japan  and  (Jermany. 

Overall  Trends 

The  iMiited  States  has  long  led  the  industrialized 
world  in  the  performance  of  industrial  R^l).  Over  the 
past  two  decades,  however.  r.S.  dominance  has  been 
challenged.  The  l  .^.  share  of  total  industrial  K.v:-I)  per- 
formed by  the  oixi)  countries  lell  between  1973  and 
1990.  (See  figure  (ylo.)  Despite  this  decline,  the  United 


Data  iVoin  i>ici>  s  Mructural  Analysis  Database  (or  liuUisltial 
.Viialysis.  Analytical  Business  iMilcrprise  file  (sTAN/ANHKRD)  are 
used  to  cxannne  ireiuls  in  lotal  industrial  K\i;.  Hiis  database  tracks  all 
KiVci)  expenditure^  (both  defense-  and  nondefense-related)  carried  out 
in  the  industrial  sector  reu^irdless  of  fiiiulinj^'  source.  For  an  exaniina- 
tioi)  of  r.S.  industrial       by  funding  source,  see  chapter  4. 

■^Wlule  an  important  indicator  of  innovative  activity,  there  is  ample 
evidence  that  su^^^a'sts  that  many  new  ideas  and  tcchnoloRical 
improvements  are  bein^  developed  outside  of  the  R\-0  "lab."  In  order 
to  develop  beUer  indicators  of  innovation  activities,  the  National 
Science  Foundation  is  [jreparinj:  to  conduct  a  national  sur\'ey  of  inno- 
vation aetivitie^  in  T.n  indusliy.  Iliis  new  sun'ey  initiative  has  evolved 
after  many  years  of  empirical  study  both  in  the  United  States  and  in 
Kurope.  Fhe  new  r.s.  sur\ey  has  been  constructed  in  collaboration 
with  other  nvx  li  members  and  the  results  will  provide  a  better  under- 
standinj?  of  the  innovation  process  in  the  I'luted  States  and  in  other 
major  industrialized  countries. 

'"See  '"Fhe  (ilobal  Markets  for  I'.S.  TechnolofO'*'  ff>r  a  presentation 
of  recent  trends  in  t:.s.  competitiveness  in  foreign  and  domestic  prod- 
uct  markets. 

-1*hese  data  are  not  cateK'orizcd  by  type  of        performed  (i.e.. 
basic.  ai)iMied.  or  development).  Both  defense-  and  nondefense-related 
O     Kt^  j)  conducted  in  the  indusirial  sector  are  included  in  these  data. 

•  ,   V.»  ^0-  X 


Figure  6-14. 

U.S.  royalties  and  fees  generated  from  the  exchange 
of  industrial  processes  between  unaffiliated 
companies:  1991 


All  countries 


European 
Community 

Asia  and 
the  Pacific 

South  and 
Central 
America 


Japan 

Germany 

United 
Kingdom 

South  Korea 


I  Receipts 
I  Payments 


500 


1.000  1.500 
Millions  of  dollars 


2.000  2.500 


NOTE:  U.S.  payments  to  South  and  Central  America  and  to  South  Korea 
were  less  than  $500,000. 


See  appendix  table  6-7. 
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Slates  I'emains  the  leadin.q;  performer  of  industrial  \<^l) 
by  a  wide  margin,  even  surpassin^^*  the  eombined  kiVrl)  of 
the  12-nation  European  Community. 

japan  underseored  its  belief  in  the  economie  benefits 
of  investments  in  \<S:D  by  following?  a  high  R&D  growth 
path  that  led  to  a  near  doubling  of  its  share  of  total  OIXI) 
\<^D  during  the  period  examined.  (Germany,  the  third 
leading  performer  of  industrial  R.^I),  also  closed  the  gap 
between  itself  and  the  United  States,  but  only  slightly 
when  compared  to  Japan.  Italy  and  Canada  were  the  only 
other  two  countries  that  showed  somewhat  higher  than 
average  growth  in  industrial  RSiU  between  1973  and 
1990;  the  United  Kingdom  and  France  join  the  United 
States  in  below  average  growth.*'^^ 

R&D  Performance  by  Manufacturing  Industries 

The  United  States,  Japan,  and  Germany  represent  the 
three  largest  economies  of  the  industrialized  world  and 
compete  head  to  head  in  many  manufacturing  industries. 
An  analysis  of  R&D  data  provides  some  explanation  for 


-•Iniernalional  coniparisons  of  total  industrial  R^D  are  calculated  in 
tenns  of  purchasing'  power  parity  (I'PP)  dollars  and  prowlh  rales  are  based 
on  1985  constant  prices.  For  more  infonuation  on  ri'Ps,  see  chapter  4. 
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past  national  success  in  certain  ol  llu^sc  indusiries  and 
can  also  siwal  shins  in  nalio.iai  it'chnolo^ry  prioriiies.-* 

KAL-l)  performance  (spcndiim)  by  oiRht  nianufaciurink^ 
industries  is  examined — aircraft,  computer  and  ollice 
equipment,  communications  equipment,  pharmacc^ni- 
cals.  instruments,  scientific  instnaments,  motor  vehicles, 
chemicals,  and  electrical  machinery.  These  ei^ht  indus- 
tries include  all  the  top  performers  of  industrial  in 
the  United  Stales,  Japan,  and  Germany.  They  also  liai> 
pen  to  have  the  hiK^hest  '*\m)  intensity"  amouR  manufac- 
lurinR  industries  in  the  oiXD  countries  as  a  Rroup.-' ' 


-IiuliisU-v'  lt'vel  (iaia  ^rr  occasionally  fsliinaicd  in  ordiT  lo  i)njvi(l('  a 
coiupk-lc  umv  series  i..r  ihe  1973-^)1)  period. 

"Only  six  industrie-  .mto  included  in  die  liikdMeeli  .urouj)  discussed 
I'arlier  with  rei^ard  lo  rr.arkel  coni|)eliliveness.  i-or  die  .t^roui)  ol  t)lA  l) 
ciuuuries  iIu-m-  i... :  -id)<ianiially  liiulH'r  \<\\)  iiUensiues  (K\l)  as  a 
<liare  ol  lotal  miipm«  'nan  did  ihe  niolor  vehicle  industn'  and  tile 
cheinical>  indiiMn*  ar/.:  •iierelore  were  not  included  in  oi.Cl)^  .trnnij)  ol 
hiirh-tech  industries,  've  -OJ-Cl)  Hikdi- Tech  industries"  lor  individual 
induslrv*  \<\[t  inteIl^i^n  ^  . 


The  United  States.  k^.u  performance  in  r.s.  maiuifac- 
turinR  industries  followed  a  pattern  of  rapid  ^.TOwth  diir- 
in,i^  the  1970s,  rising  an  average  of  11  percent  per  year 
between  i973  and  1980  (2.7  |)ercent  per  year  in  1985 
constant  prices).  This  ^rov^h  pattern  accelerated  durinj^ 
the  early  eighties,  before  slowing  down  considerably 
during  the  latter  part  of  the  decade.  The  ei^ht  industries 
account  for  over  80  percent  of  total  industrial  RiS:i)  per- 
formed in  the  I'nited  States;  ihey  therefore  drive  \<S:[) 
trends  in  the  r.s.  industrial  sector. 

'llie  i;,s.  aircraft  and  communications  equipment  iiuius- 
tries  have  consistently  been  the  larp^est  performers  of 
(See  ll^re  (>1()  and  appendb(  table  (>8,)  Comparing 
k.v::D  performance  in  1973  and  1990,  shows  som.e  shifting: 
in  \<^\)  emphasis  amon^  the  top  live  industiy  performers. 
Although  the  aircraft  and  communications  equipment 
industries  retain  their  top  positions  as  the  leading?  k.^l) 
performers  in  the  Tnited  Stales,  \iS:\y  .c^rowth  in  the  motor 
vehicle  and  electrical  machinerv'  industries  did  not  keep 
l)ace  with  that  in  the  computer  and  office  equipment 
industiy  durinj^  the  period  examined.  Consequently,  by 


Figure  6-15, 

Shares  of  totai  industrial  R&D  performed  In  OECD  countries 


ERLC 


United  States 


Average  growth  rate  (percent) 


1973-80    1980-85  1985-90 


United  States 

2.7 

81 

1  0 

Japan 

5'\ 

11  2 

80 

European  Community 

4  2 

50 

4  5 

Germany 

6  1 

4  6 

3  4 

France 

3  7 

54 

52 

United  Kingdom 

2.6 

1  3 

36 

Italy 

4  2 

9.3 

69 

31.3 

■  28.3-- 

if.  ' 

1985 

29.9 


European  Community 


Japan 


NOTES.  Data  were  calculated  using  purchasing  power  parities:  growth  rates  are  based  on  1985  constant  prices,  German  data  for  the  former  West 
Germany  only. 

SOURCE:  The  Organisation  for  Economic  Co-operation  and  Development,  Structural  Analysis  Database  for  Industrial  Analysis.  Analytical  Business 
Enterprise  R&D  (STAN/ANBERD)  file  (Paris:  1992). 
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Figure  6-16. 

U.S.  Industrial  R&D  performance 

Billions  of  constant  1985  U.S.  dollars 
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1973  1978  1983  1988 

Top  Industrial  R&D  performers  and  tfieir  sfiare  of  total  Industrial  R&D 


1973 

1900 

1990 

Aircraft               24  6 
Comm  equip        14  9 
Motor  vehicles       11  7 
Elect,  machinery      8  9 
Comp  /otttco  equip.  8  4 

Aircraft  21  6 
Comm  equtp  14  4 
Motor  vehicles  fl  6 
Comp  /office  equip.  9  3 
Elect,  machinery      7  l 

Aircraft                24  6 
Comm  equip          ^6  5 
Comp./officc  equip.  12  8 
Motor  vehicles        n  9 
Chemicals             6  8 

See  appendix  table  6-8. 


Science  &  Engineering  Indicators  -  1993 


1990.  llu'  C()iiiptit(M-  and  o^iWc  {'quipnicMU  iiuitisiry 
became  the  third  Icadinjr  r&d  pei'formcr  in  the  I  nited 
Stales.  (See  fi^^ure  iy\i\) 

Japan.  Since  1973,  h^v  perlomiancc^  in  Japanese  manu- 
faclurinR  industries  j^rew  at  a  higher  annual  rate  than  in 
the  United  Stales,  and  faster  than  all  other  industrialized 
countries  sinc(*  1980.  Japant^se  industry  continued  lo 
(^xpand  its  RSzU  spendin.t":  rapidly  through  1985,  inore 
than  doubling  the  annualized  rate  of  growth  seen  during 
the  1970s.  Japanese  industrial  K.K:I)  spending  slowed 
soinewhat  durinp:  the  second  half  of  the  1980s,  but  still 
led  all  other  industrialized  nations  in  terms  of  average 
growth  in  industrial  R.K:!). 

The  eight  industries  examined  here  together  accounted 
for  between  66  and  72  percent  of  total  industinal  R&n  per- 
formed in  Japan  during  the  1973-90  period,  compared  with 
over  82  to  88  percent  in  the  United  States.  'Hiis  suggests  a 
wider  role  for  K<K:l)  in  Japan  s  industrial  sector  (outside  the 
eight  industries  examined)  than  seen  in  the  United  States. 

An  examination  of  the  top  tlve  H.^D-performing  indus- 
tries in  Japan  reflects  that  countiy  s  long  emphasis  on  com- 


c 


munications  technolo.gy  (including  consumer  electronics, 
high-definition  'IT,  and  all  tyi:)es  of  audio  equipment),  'lliis 
industry  was  the  leading  perfoniier  of  \m)  throughout  the 
period  reviewed.  Japan's  motor  vehicle  industry  was  the 
third  leading  U<K:l)  performer  in  1973.  but  rose  to  number 
two  in  1980  and  remained  at  that  level  through  1990.  (See 
figure  (>I7  and  appendix  table  i>9.)  Japanese  automohiles 
(*amed  a  reputation  for  high  qualit\'  and  econoiny  during 
these  years,  which  earned  Japanese  auto  makers  larger 
and  larger  shares  of  the  global  car  inarket. 

Klectrical  machinery  producers  also  are  among  the 
largest  R.V:I)  performers  in  Japan  and  have  maintained 
high  RcK:l)  growth  throughout  the  period  examined.  By 
contrast,  the  r.s.  electrical  machinery  industry  saw^  its 
ranking  ainong  the  top  U.S.  R.v::!)  producers  in  the  United 
States  decline  since  1973.  Japan's  industry,  on  the  other 
hand,  moved  up  to  become  that  country's  third  leading 
l^.<:I)-p(M*lonning  industry  in  1990. 

Another  Japanese  industiy  that  has  become  a  more 
important  r.K:D  performer  is  the  computer  and  office  e(iui[)- 
menl  indusliT.  Japan's  computer  and  office  equipment 
industiy  did  not  rank  among  the  top  live  K^KzD  perfonners 
until  1984.  But  rapid  \<^D  growth  during  the  late  seventies 
and  throughout  the  eighties  moved  this  industr\'  ahead  of 


Figure  6-17. 

Japan's  Industrial  R&D  performance 

Billions  of  constant  1 985  yen 
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Top  Industrial  R&D  performers  and  tfieir  share  of  total  Industrial  R&D 


1973 

1980 

1990 

Comm  equip  15.9 
Chemicals  14.0 
Motor  vehicles  12  4 
Elect,  machinery  11.9 
Pharmaceuticals     5  2 

Comm.  equip.  17  2 
Motor  vehicles  13  5 
Chemicals  12.4 
Elect,  machinery  9.4 
Pharmaceuticals  6.4 

Comm.  equip.  16.3 
Motorvehicles  14.4 
Elect,  machinery      11  2 
Chemicals            10 1 
Comp./offtce  equip.  10.0 

See  appendix  table  6-9. 
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Japan  s  phaniiacculical  iiuiusuy:  ilic  indusiiy  has  main- 
laiiH'd  Ihis  posilion  ihroujzli  VMl  (Scr  (i.t^urtM)-!?.) 

Germany.  Duriiijx  iIk'  U)7()s  (1973-80).  (uMiiiaii  indiisliy 
k'd  llio  iiidustrialiml  world  in  \<.K\)  j^'imh  {whew  calailaU'd 
ill  coiislanl  purdiasini^  powtM*  parili(»s).  Dm-iiijz  llic  \WK 
while  nuich  oCllic  indusiiializal  world  londcd  to  locus  (Wii 
more  rcsoura^s  on  indusliial  K.KU.  (iornian  iiidusirial  R.^D 
.irrowih  slowed  down.  In  facl.  Oennan  \<S:\)  t^rew  cwcu  slow- 
er during  llie  second  hali'  of  ihe  decade  Uiaii  il  did  duiint^ 
Ihe  alnwly  sIuotsIi  t^'owlh  peiiod  ol  llie  early  U)8()s. 

Tolal  Oernian  indusliy  K\l)  ai)pears  lo  be  somewlial 
l(>ss  concentrated  amon^  the  ei^ht  industries  examined 
than  in  the  United  States,  but  niore  so  than  in  jai)an.  '11)0 
same  five  industries  have  led  (Hrnian  indusliy  in  K\I)  per- 
formance, (See  fii^ure  ()-18  and  appendix  table  (vlO.)  I-Vom 
1973  to  1985.  the  (lernian  chemical  industiy  led  all  other 
(nrinan  industnes  in  total  iHMlbriued.  llie  communi- 
cations i'(iuipment  industiy  was  the  second  leadin.i^  pop 
former  dtirin.t^  this  tinu\  in  198(),  tlie  (lermaii  commuiiica- 
lions  ccjuipmenl  industiy  became  its  number  one  l<M)-per- 
forminu  industiy.  oven  surpassing  (lermaiiy  s  chemical 
industrv'  (a  traditional  stroni^  \m)  i)eii()rmer  in  (lermany) 


Figure  6-18, 

Germany's  industrial  R&D  performance 

Billions  of  constant  1985  deuische  marks 
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1973  1978 
Top  Industrial  R&D  performers  and  their  share  of  total  Industrial  R&D 


1973 

1980 

1990 

Chemicals  20.2 
Comm.  equip       16  3 
Elec  machinery    12  7 
Motor  vehicles      12  5 
Aircralt  10.0 

Chemicals  t7  8 
Comm  equip  t5  7 
Motor  vehicles  14  3 
Elec  machinery  10  9 
Aircraft  6.6 

Comm  equip       18  7 
Motor  vehicles      1 7  1 
Chemicals          16  4 
Aircraft               8  9 
Elec  machinery     8  2 

See  appendix  table  6-10.       Science  &  Engineering  Indicators  -  1993 


and  has  rdained  that  position  ihrou.uh  1990, 

examination  ol  those  (Uher  industries  that  wore  amonjz 
the  lop  l"iv('  K\'l)  piM'fornirrs  in  Oerniany  mirrors  that 
countr\' s  commercial  prominence  as  a  supplier  of  world- 
class  machiiUMy  and  motor  vehicles.  Durin.i^  tho  second 
half  of  the  198()s,  the  (lerman  eom|)ut(M-  and  office  ecjuip- 
ment  industry  and  ils  pharmaceutical  iiidusiry  have 
shown  the  most  rapid  H\  l>  trfowth  anionic  the  eiulu  indus- 
iries.-'*  (See  ()-18.) 

Patented  Inventions 

One  ol  the  ini|)ortaiU  benefits  ol  Hi<:l)  is  a  stream  of  new 
technical  inventions  that  may  in  turn  be  embodied  in 
innovations — i.e.,  in  new  or  improvt^d  i^roduets,  process- 
es, and  services.  Inventors  can  obtain  iroviM'nineiit-sane- 
tiened  i)r()perty  ri,i^hts  by  api)lyin.ir  for  patcMils.  Such 
pat  ..s  are  issued  by  authorized  .trovernmeiit  n.u:enci(*s  for 
invei.  .ions  judged  to  be  new.  useful,  and  nonobvioiis. ' 

Pateni  data  i)rovide  useful  indicators  lor  ineasurin.i^ 
technical  change  and  inventive  input  and  output  over 
time  (see  Clriliches  1990).  l-'urther,  I  pateiitiii.i.^  by  lor- 
ei)i:n  inventors  enables  measurement  of  the  levels  of 
invention  in  those  foreign  countries  (Pavitt  1985)  and  can 
sei-ve  as  a  leadin.u:  indicator  of  new  technological  eonipeli- 
tion  {l'aui:l  1984)."'  Patent  statistics  trends  can  therefore 
serve  as  an  indicator — albeit  one  with  certain  limita- 
tions— of  national  inventive  activities.-' 

This  section  describes  broad  trends  of  patent  activity 
in  the  Tiiited  States  over  time,  by  field,  and  by  indusliy 
by  both  f.S.  and  for(M.u:n  inventors.  It  discusses  patentinjjr 
trends  in  foreit^n  countries  and  |)reseiits  new  data  on 
international  patentin.t^  trends  in  Vritical"  technolotxies. 

Granted  Patents  by  Owner 

Patents  Granted  to  Americans.-  '  Ovei*  the  |)ast  If) 
vears,  the  number  of  patents  awarded  to  y\merican  inventors 
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•u.^l)  prrlortiuuioi'  by  luifopi';!!!  C  oiiiniiiitily  maiuilacliiiviN  m  prc- 
sonlt'd  itt  appiMidix  laijU'  (vl  1. 

■■  .MUtouKli  llir  t'.x  PaU'itl  and  Tiadrmai'k  OIIum-  sranls  several 
lypt's  of  |)aU'tils  (c.i:.,  dcsi.irii  pak-nis),  this  discussion  is  limilcd  lo  utili' 
ty  |)aUMils.  whioli  an*  comiuoiily  known  as  "paUMils  inventions." 

*A  paU'Ut  \s,\w\\\  allows  ;in  iiivcnlor  to  rxdudr  others  h->m  iiuihiii^^. 
using,  orsvHiiifi  that  iuvnUion,  >i*i'  Palcnl  and  Tradcinark  Ollicc  (UKS9). 

■  Corporations  account  lor  aliout  SO  percent  ol  all  !oreij,Mi-owne(l 
f.S.  patents. 

■^Palentin^  indicators  have  <<»nie  well-known  drawhacks,  including 
Uie  followinjr: 

♦  lncouiplctcnrsiS—\WM\\  inventions  are  not  patented  at  all.  in  pari 
Ijecause  laws  in  sotiie  Mates  already  provide  lor  the  proteciioit  ol 
industrial  trade  secrets. 

♦  biconsistcmy  across.  /^r/VA'/no-— iiidustiies  vaiy  considerably  ia  their 
proix'iisily  to  patent  inveniions:  consequenlly.  il  is  not  advisal)le  to 
compare  patenting  rates  lietween  different  tecitiioloKit's  orinduslries. 

♦  hiconsistrncv  in  ^/;r^//;7v— the  inventions  patented  can  var>-  conoid- 
erablv  in  ciiiality.  (Patent  citation  rates,  discussed  on  p.  178.  are 
one  n'lethod  for  (lealiit^^  with  this  (iiiestion  of  van'inj,'  ciualiiy.) 

Despite  these  and  other  liniitations.  patents  provide  a  unique  and 
convenient  source  of  intorniation  on  inventive  activities. 

"'Hie  e.s.  Patent  and  Trademark  Office  grants  palents  lo  both  C.s.  and 
loreiKn  inventors.  Patenl  oriirin  is  determined  by  the  residence  al  the 
time  of  Krant  of  lite  first-named  inventor  as  specified  on  ihe  face  of  tiie 
palent.  Palents  "^rranled  to  .\mericans"  are  aclually  f.S  origin  palenls. 
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Figure  6-19. 

U.S.  patents  granted,  by  nationality  of  inventor 
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NOTE:  German  data  are  for  the  former  West  Germany  only. 
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has  lollowcd  (wo  (liflrrciii  (rctuls.  I'Vom  lliroii.uli  l^^^^-i. 
iIk*  iiiiinb(M*  ol  i)al(MUs  .trranicd  to  Aiiicricaiis  dcdiiu'd  i!T(\L»- 
uiaiiy.''  Siiic('  U)S:5,  ihc  luunbiM'  ol  ixilciils  .uraiUod  lo 
AiiKM'icans  picked  up,  and  has  rciiiaiiicd  on  a  .ucMicral 
upward  lixnuL  In  iho  lalt'St  yoar  lor  which  statistics 
an*  available.  CS.  ori.uiu  palciuin.u  registered  a  new  hiuh 
when  nearly  fil.OOO  patents  wei'e  .u^ranied  to  \  iH^sident 
inventors.  l'\)rei.u:n  i)at(Mitinu  in  the  Tnited  Staters  also 
reached  new  hi.irhs  iu  the  post-recession  peiiod  (1^)S:^^)1) 
and  .m*ew  at  a  (jtiicker  rate  than  did  I'.s.  domestic  |)atent- 
\Ui.i: — S.2  v(M*sus  r).(i  perc(Mit  per  year.''  (See  ti.i^nire  t>H)  and 
appendix  table  (>'12.) 

Patents  granted  to  Anierican  iiivtMUors  can  be  lurlher 
analyz(»d  by  i)at(Mit  ownership  at  the  linie  ol'.uranl.  hiveii- 
tors  who  work  lor  private  companies  or  tor  the  Federal 
(iovernment  commonly  assi.irn  ownership  ot  th(Mr 
patents  to  their  employer;  sell-(Miii)k)y(»(l  inventors  tisual- 
ly  retain  ownershi|)  ol' their  |)atents.  The  owners  S(\*l()r 
of  em])loyment  is  thus  a  .uood  indication  ol'  lh(*  sector  in 
which  the  inventive  work  was  done,  hi  71  |)ercent 

ot*  .granted  iKitents  were  owned  by  C()r])()raiioi:s.''  (Sc(» 
llji^ure  ()-2().)  This  percentage  has  not  changed  si.unin- 
cantly  ov(T  the  years.  '* 

Individuals  are  th(^  n(»xt  tar.i^est  irroup  ol"  t  .s.  ori.trin 
patent  owners.  Prior  lo  H)78.  individuals  owned  a  ciuailer 
ol'  all  patents  granted.''  'Hieir  share  rose  to  27  percent  in 
1980  and  was  26  percent  in  1991.  The  federal  share  of 
patents  averaj^ed  ilT)  percent  of  total  durinir  ti^'  period 
l9H!'5-77:  tlierealter,  I'.s.  (iov(M'nmcnl-owned  patents  as  a 
share  of  total  r.S.  origin  patcMits  has  declined.'"  I'inally. 
only  about  1  percent  of  patents  ^n'anted  to  Anetican  inven- 
tors are  owned  by  foivl^n  coiporalions  or  Kovenimcnls. 

In  199K  the  numb(M*  of  patents  i»'ranled  in  the  I'liiled 
Stat(*s  rose  nearly  8  piMVcMit. "  i'.^.  inventors  received  7\\ 
|)ercenl  of  the  I'.S.  patents  j^ranted  that  y(nir.  rei)rese!ttin^ 


'Hie  nuMibrr  ol  palt'iils  ^rrnnlcd  lo  o.uniiit^  dipjH'd  in  1^>7^^  bccnuM' 
ilu*  PiUcni  ( )t'fia'  could  noi  allord  lo  piini  all  dir  paUMiis  ai^provcd  dial  y<'ar. 

Both  r.>.  and  torcii^n  palcniiiiti  di'olincd  Iroin  \\)i^7  lo  WH.  Tins 
(h'oliiu'.  one  t)l  many  o^cillalions  thai  appear  in  paUMilinir  data  by  yrnr 
ol  paU'iit  ^rani.  may  be  diu'  to  the  csiM'cially  low  nnnibcr  ol  paionis 
awarcU'd  in  H)Sfi  because  ol  buck^el  resiriclions  ai  the  Patent  OtTice. 
This  develoi)menL  in  turn,  led  to  an  iinusualiy  hi.iili  number  ol  paieni 
grants  in  1987  as  patents  wea*  can'ie{l  over  into  ihal  y«'ar.  Also.  utilit\ 
paieni  applicalit)ns  (Iroi)pe(l  in  19S!1.  Since  it  can  lake  2  lo  \)  y<'ars 
bolore  a  successful  application  maiL.res  into  a  paten  I.  Uus  droj)  may 
also  have  conlribuled  lo  the  low  r.uinber  ol'  patent  .grants  in  198(>. 

About  2.6  perceni  ol'  patents  k^ranled  lo  .Americans  in  i991  vvt>re 
owned  by  f.>.  universities  and  colie.i:{"S.  llu'  Paieni  ()!'l1ct»  counts  these 
as  hviny:  owned  by  corporations.  l*or  I'urthei'  discussion  ui  academic 
patentiiiM.  set*  chai)l{'r    "Patents  Awarded  to  I  '.S.  Tniver^iiies." 

Between  197(S  and  1991.  corporaie-owned  i)alenis  accounted  for 
between  ()9  and  73  perceni  of  total  American-owned  patenis. 

•IVior  to  197.S.  daia  are  provided  as  a  loial  for  die  pt-riod  19(iii-77. 

Federal  inventors  frequently  oblain  a  statu  loir  invention  re.Lji  si  ra- 
tion (SIR)  rather  llian  a  patent.  ;\n  siK  is  not  ordinarily  subject  to  exanii- 
nation  and  costs  less  lo  oblain  lhan  a  palein.  Also,  an  >n{  i^ives  tho 
holder  the  ripht  lo  use  the  invention,  but  does  not  prevent  others  Ironi 
selling  or  using  the  invention  as  well. 

Part  of  this  increase  may  be  attributed  to  the  (Mi^^oinvr  efforts  by  the 
Patent  Office  lo  rechice  "pendency."  the  mc*  beiwt»en  receipi  ot  a 
patent  application  and  completion  of  its  pnn  .int:. 
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a  small  increase  in  shaic  of  t'.s.  patciils  awarded  to 
Americans.  liefore  lorei.i(iK'r  inventors  were 

I)alenlin^^  in  the  United  Slates  ai  a  faster  pace  than  I 
resident  inventors.  That  trend  stalled  in  h)«S9  and  1990. 
and  was  reversed  in  1991  as  American  invcMitors*  t  .s. 
patent  success  outpaced  that  of  I'oreij^n  inventors. 

'I1ie  number  of  patents  award(Hi  to  Americans  in  1991 
represented  the  first  upturn  in  I'.S,  share  of  K^ranted 
patents  since  1977.  llie  incr(»ase  in  I'.S.  share  is  a  refUr- 
ti(m  of  the  successes  of  individual  inventors  and  of  a  rise 
in  t'.s.  (lovernment-owned  patents.  Increased  patent 
activity  by  government  agencies  was  eiicoura^^ed  by  Ick^- 
islation  enacted  durin^^  the  198()s  which  called  for  t  .s. 
UK^Micies  to  establish  new  programs  and  increase  incen- 
tives to  its  sci(Mitists.  engineers,  and  technicians  in  order 
to  improv(^  the  transfer  of  technolo^^  developed  in  the 
coiu'se  of  j^overnnient  activities. 

Patents  Granted  to  Foreign  Inventors,  Foreign- 
owned  patents  represent  nearly  half  (17  perceiU  in  1991) 
of  all  i)atents  ^^ranted  in  th(*  United  States.  Moreover,  the 
luimber  of  r,s.  pat(*nts  .granted  to  lorei^n  inventors 
increased  in  1991,  althoukdi  the  increase  was  smaller  than 
that  reported  for  those*  with  t'.s.  oriKnn  (a  S. 3-percent 
increase*  versus  7.()  percent).  In  1991,  foreign  C{)rporations 
owned  nearly  82  percent  of  the  for.uKm-orij^in  I'.S.  i)atents. 
individuals  owned  11  percent,  and  foreign  ^Governments 
owned  just  1  j)ercent.  Since  1978,  coiporate  ownershii)  of 
foreiun-ori^in  t'.s.  patents  has  ^rown  in  importance  as  the 
share  owned  by  individuals  has  declined. 

I'orei^^n  patentin^^  in  the  Ignited  States  is  hikdily  concen- 
trated by  countPi'  of  ori^dn.  In  1991,  just  tlve  countries- 
Japan.  Germany^  (ireat  Britain,  France,  and  Canada — 
accounted  for  <S()  percent  of  t'.s.  i)atenls  .i^ranted  with  fer- 
ei.t^n  ori^xin.  (See  fi^nire  (>19.)  The  numl)ers  of  patcMits 
K^ranted  to  inventors  from  these  countries  have  j^cnierally 
increased.  Of  these  five  c(nmtries,  only  the  Japanese 
shar(^  Krew  over  the  past  14  years,  'lliis  j^rowth.  howevcT, 
has  been  dramatic,  with  Japanese  inventors  receivinj^  22 
percent  of  all  i  .S.  patents  in  1991  and  percent  of  all  r.s. 
patents  with  foreign  orij^in.  In  1978,  these  shares  were 
imder  11  i)ercent  and  28  j)ercent.  respectively. 

l^atent  shares  accounted  for  by  in^'entors  from  the  top 
three  Kuropean  countries  i^eneraiiy  declined  over  the 
past  11  years:  Cierman  inventors  w(*re  .i^ranted  24  per- 
cent of  t'.s.  patents  with  foreign  ori^nn  in  1978;  this  share 
fell  to  17  percent  in  1991.  The  British  share  fell  the  most 


Figure  6-20. 

U.S.  patents  granted,  by  sector  of  owner 
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■  The  SlcvensoivWydler  iVchnoloiry  innovation  Acl  of  1980  made 
ihe  transfer  of  fi^dcrally  owned  or  oriK'maU'd  teclinoloj^\'  lo  slate  and 
local  jrovernnienls.  and  lu  die  privale  sector,  a  national  ptilicy  and  llic 
duty  of  each  uovernnieni  laboratory.  The  act  was  amended  by  tlu- 
Federal  Technology  Transfer  Act  of  1986  to  provide  additional  incen- 
tives for  the  transfer  and  commercialization  of  federally  developed 
lechnoloKies.  l^ter.  Executive  Order  12591  of  April  1987  ordered  exec- 
utive  departments  and  agencies  to  encourage  and  facilitate  collabora- 
tion amonK  federal  laboratories,  state  and  local  Kovcrnments.  universi- 
ties, and  the  private  sector— particularly  small  business— in  order  to 
aid  technolojjy  transfer  to  the  marketplace. 
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amon.ix  the  top  three  iuiropean  countries,  droppinj^  from 
11  percent  in  197St()  ()  ivTcent  in  1991.  Canadian  inven- 
tors' share  of  t'.s,  i)atents  granted  declined  in  the  late 
seventies  and  early  eighties  before  showinjr  evidence  of 
reversing  this  trend  in  19S7  with  small  .i^ains  made  in 
1989  and  1991. 

C()mi)arinK  forei^ni  patentinj^  j^rowth  rates  in  the 
United  Staters  in  the  wake  of  the  l9S0s  recession 
reveals  the  (^xpandinj^  roles  of  Japan  and  Kurope  as 
lechnoloKy  competitors  and  also  identifies  several 
other  countries  with  a  demonstrated  capacity  to  j^ener- 
ate  new  technotoKnes.  Durinj^  the  1983-91  period,  the 
average  t'.s.  patentinj^  ^n*owth  rate  was  8.2  percent  per 
year  amonji  inventors  from  all  foreijrn  countries. 
Countries  whose  inventors  demonstrated  above  aver- 
aj^e  patent  activity  in  the  United  States  and  also  claimed 
over  100  patents  in  1991  wet  e 

♦  South  ?;;orea,  40.8  percent  growth  in  patents  per 
year  (401 1  .s.  patents  granted  in  1991): 

♦  Taiwan.  38.8  percent  per  year  (898  patents): 

♦  Spain.  15.0  percent  per  year  (153  patents); 

♦  Israel.  13.7  percent  per  year  (305  patents); 

♦  Japan.  11.4  percent  per  year  (20.916  patents): 

♦  Finland.  9.3  percent  per  year  (328  patents);  and 

♦  Canada.  9.2  percent  per  year  (2.030  patents). 
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l)m*iii.mhis  sainr  jHTiod,  several  oilui*  coimirics"  iiivni- 
lors  showed  ahow  avera^^'  V'Mcwi  acliviiy  in  llie  I'liiieci 
Stales.  These  incliuled 

♦  \\()\\^  Koim.  17.0  pera^iil  per  year  ( li)  I'.s.  paleiits 
iTraiU<»(l  in 

♦  HraxiL       \)r\rvu\  per  year  ((iO);  and 

♦  IrelaiuK  !.).«» pereeiii  p(»ryear  (r).!  paU-nis). 

"I  h(»  palenliiLu  ^M'owih  rale  lor  \Uc  Tniled  Stales  (hnin.i^ 
ihis  tini(»  was  ;*).()  pi  iren;  p(»r  year  (5().(Si;ri  i)atenls). 

Patents  by  Patent  Office  Classes 

A  counliy's  disiribuiion  ol  patents  by  leehiiical  area  pro- 
vides a  key  to  imdiM-standin.u  that  coiiniiy  s  ('oniribnlion 
to  important  lu»l(ls  of  leclinolo.LO*.  *l1iis  seciion  eoinpap.^s 
and  discusses  ihe  \  ari()iis  key  lechnical  fields  I'avorcd  by 
inv(Mitors  li'oni  var;(;iis  I'oiiniries  in  iheir  l  .s.  paleniiii.tr. 

Fieids  Favored  by  U.S.,  Japanese,  and  German 
Inventors.  While  /  \  patrnt  activity  s})ans  a  ven'  \\  i(it»  sjx  c- 
trnni  ol'  teohnolo,u>  nnd  n(*w  pi'ochici  ar(»as,  r.s.  eor])ora- 
tions*  pat(*ntin.u  also  shows  a  pailiciilar  emphasis  on  several 
ol'  the  techn{)loi^\'  areas  that  are  expected  to  play  an  impor- 
tant roU*  in  future  national  ecoiioniic  .urovvlh  (National 
Critical  HrhnoloKies  Panel  U)9H).  h)  HWl.  l  .s.  inventors 
were  jfrant(*d  patents  on  inveiilioiis  related  lo  hiuh-perfor- 
mance  com|)utint^.  teleconmumications,  electricity  irans- 
mission.  devices  for  the  nianulacture  of  semiconductors, 
and  sujHTConduelor  tecliiU)lo.to'.  r.s.  patent  aclivily  also 
r(»tlects  this  countr>**s  natural  resource^  endowm(*nl  and  the 
(Vonomic  inij)oilance  i^ained  from  niore  effectiv(^  extrac- 
ti{)n  and  ns(»  of  these  r(»sources.""  TIk^  siren^tli  uf  r.s, 
chemical  and  biomedical  indusiri<.'s  is  evident  from  iIk^ 
lar,^(*  number  ol  |)atents  assi.i^Mied  to  r,s.  corporations  in 
these  areas.  (See  text  table  (vl  and  appcMulix  table  (vl!).) 

Japanese  patentinu  in  the  I'liited  Stales  ai)iH^ars  to  focus  on 
technolo.i^ies  and  |)roducts  related  to  S(*v(M'al  commercially 


Nok'  iliai.  (U'spiic  ir.t- dranKilic  rcicni  iiUTcasi'  in  pau-m  ariiviiy  by 
Uk'  iK'Nvly  ii)(liKlriali/i  'l  cronontics  ol  Kasi  Asia — pai  lirularly  *rai\vaii 
and  Somli  Koica—Mi'  -.c  cMuiiiiricv.  as  a  .uioup.  aci'ouiilfd  hir  ju^i  1.1 
pcivcni  ol  all  r.s.  pau  nK  Lrraiucd  in        and  uiuk-r  \\  ol  i  >. 

paUMiH  .lii  iiiiU'd  (o  h»n  iiivciuoix. 

'Infoniialioii  in  llii-  -rciioi',  is  based  o\\  die  PaUMil  and  TiadiMiiark 
olllo'V  chwsilKalion  ^vMciu  which  divides  palciiN  iiUo  ai)pi-oxiiiiau-ly 
!J70  activi'  (."lapses,  t  v.rm  ihi^  sysiein.  patent  nrlivity  lor  t  .s.  and  lor- 
ei,i,n)  inventors  in  nrent  years  l  an  l)e  iMmipan-d  by  developint:  an  activ- 
'/v  index.  Thi^  index  ir.msures  a  eounliy's  patentintr  activity  within  a 
.liiven  class,  l  or  any  ;::*."n  year,  the  activity  index  i^  die  pnip^nion  <d 
patents  in  a  pariicular  rlass  .uranied  to  invi'iilors  in  a  specillc  connln" 
divided  by  the  proponion  of  all  i)aients  trranied  to  inventors  In  thai 
countr>-. 

lU'cause  i  >.  pateniin;:  data  ivileci  a  inucli  iariier  share  of  palenlin.tr 
by  individuals  wiihoni  corporate  or  i^overnnienl  afrilialion  than  do  data 
on  loreii^n  patenlinii.  <.nly  patents  j^^ranied  lo  corporations  are  used  to 
constmct  ihe  i  .s.  paK  nlintr  activity  indexes. 

■  Research  on  the  hi^lop.'  of  l  .s.  innovation  (Abrainoviiz  and. 
more  recently,  ^t^^^^^■ry  and  Rosenbert;  also  liiids  natural 

resource  endowment v  to  have  a  strong  intluence  on  h  counlr>''s  })atiern 
Q      of  iiuiovalion. 
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imporiaiu  in(insiri(*s.  The  \\M  patent  data  show  jaj)anese 
inv(Mn.of  s  eiuphasizin.u-  those  lechnolo^y  classes  associat- 
ed with  the  motor  vehicle.  phoioK^'aphy.  and  photocopy- 
in.^  in(liistri(»s.  (See  text  table  (vl  and  appcMulix  lable  (> 
I  1.)  l>ul  als(j  incr(\isin.^ly  <^'i(lenl  is  ihe  wider  ran.ije  of 
i".s.  palenis  awar(l(*d  to  Japanese  invdiiors  in  informa- 
tion lechnolo.uy.  h'rom  imj^roved  imorniaMon  storaj^e 
leehnolo.^y  lor  comj)iil(»rs  lo  imj)roved  oplic  systems. 
Japanese  inventions  are  earning'  i  .s.  palenis  in  an^is  that 
will  facilitate  the  i»xpansion.  slorap,e.  and  iransnussion  of 
information. 

(German  inventors  conlinue  lo  develop  new  products 
and  processes  in  lechnolo.try  areas  associated  with  tlu» 
luNivy  manufaclui'in.ti-  industries  in  which  (lermany  has 
iradilionally  maintained  a  lar^e  prc^ser^ce.  The  1991  t'.s. 
patent  activity  index  shows  (ierman  emphasis  on  the 
printing.  clKMnicals.  steel,  motor  v(diicK\  and  powd*  ^en- 
eralion-r(dat(»(l  patent  classes.  (See  text  table  (vl  and 
ai)pen(lix  lable  (vlo.)  Pnit,  liki*  the  Japanese,  (ierman 
inventors  have  not  ii'iiored  the  new  UH'hnolo.ufv  areas 
that  may  dictate  an  expansion  of  its  industrial  sectors 
lu\ure  c{)mi)etiliveness.  tlermany  s  t'.s.  palenlinK  activity 
also  indicates  that  its  inventors  are  dev(»lo|)in^  new  prod- 
ucts and  processes  that  woidd  fall  within  biotechnolo.qfy 
and  optoelectronic  lechnolo^^y  areas. 

Fields  Favored  by  Other  Major  Industrialized 
Countries.  [,ike  the  United  Stales.  Canada  is  a  lar^e. 
resource-rich  country:  lis  patcMil  activity  in  the  United 
Slates  r(Mlects  these*  national  characteristics,  Canadian 
inventions  |)atented  in  the  United  States  are  no  doid^t 
influenced  by  the  nec^l  to  find  better  ways  to  extract  its 
oil  and  minerals  and  the  n(H»d  for  b(»tter  lelecoiumunica- 
lions  across  iis  vast  land  area.  (S(»(»  text  tabh*  ivl  and 
appendix  labh*  (vKi.)  Also,  its  proximity  to  th(»  United 
Slates  and  close  ties  with  f.s.  indusuy  are  evident  *  v 
lh(^  similar  concentrations  of  j)alcnt  activity  for  the  two 
countries. 

French  patent  activity  in  the  United  States  emphasizes 
nuclear  t(*chn()lojj:y  and  communications.  (See  text  table 
(v2  and  appendix  table  (vl7.)  The  French  also  show 
hi^h  activity  in  biotechnoloCT  fields — an  area  in  which 
ihe  French  already  provide  considerable  competition  for 
r,s.  biotech  firms. 

The  British  an*  also  quilt*  active  in  the  biotechnolo.cr>' 
patent  classes  and  communication  technolo^ries;  they 
share  the  t  .s.  emphasis  on  aeronautics  as  well  (See  text 
table  (>2  and  appendix  table  (vlH,)  Like  the  (iermans, 
the  British  do  not  patcMit  much  in  the  United  States  in 
semiconductor  manufacturing,  nor  do  they  particularly 
patent  in  areas  of  Japanese  emphasis,  such  as  dynamic 
information  storaj^e  and  retrieval  and  pholo^raphy. 

Fields  Favored  by  Newly  Industrialized  Economies. 

Patent  activity  by  nmks  in  the  United  States  can  be  seen 
as  an  indicator  of  these  economies'  technological  devel- 
opment and  as  a  leading  indicator  of  those  product  mar- 
kets likely  to  see  increased  competition. 
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Text  table  6-1 . 

Top  15  most  emphasized  U.S.  patent  classes  for  Inventors  from  the  United  States,  Japan,  and  Germany 


United  States  Japan  Germany 


1 . 

Mineral  oils:  processes  and  products 

Dyncimic  information  storage  or  retrieval 

• 

Printing 

2. 

Chemistry,  hydrocarbons 

Photography 

Chemistry,  fertilizers 

3, 

Wells 

Photocopying 

Organic  compounds' 

4. 

Chemistry— analytical  &  immunological  testing 

Dynamic  magnetic  information  storage 

Organic  compounds' 

or  retneval 

5. 

Food  or  edib'e  material:  processes,  compositions 

Typewriting  machines 

Organic  compounds' 

anu  prouucio 

D. 

Superconductor  technology — apparatus,  material. 

nauldiiUn  iniciyciy  i/iicinioiiy~-"piut»coo, 

Minrnu  1  iiiiui  1  diiu  sxpiuoivsb 

process 

composition  or  products 

7. 

Error  detection/correction  &  fault  detection/ 

Recorders 

Bearing  or  guides 

recovery 

8. 

Amplifiers 

Pictorial  communication:  television 

Winding  and  reeling 

9. 

Chemistry:  molecular  biology  and  microbiology 

Static  information  storage  and  retrieval 

Brakes 

10. 

Drug,  bio-affecting  &  body  treating  compositions 

Active  solid  state  devices,  e.g.. 

Compositions,  coating  or  plastic 

transistors,  solid  state  diodes 

11. 

Chemistry,  iignins  or  reaction  products  thereof 

Sewing 

Synthetic  resins  or  natural  rubber^ 

12. 

Synfietic  resins  or  natural  rubber^ 

Music 

Internal-combustion  engines 

13. 

Compositions 

Motor  vehicles 

Typewnting  machines 

14. 

Electrical  transmission  or  interconnection  systems 

Internal-combustion  e.igines 

C^remistry.  inorganic 

15. 

Electricity,  conductors  and  insulators 

Image  analysis 

Synthetic  resins  or  natural  rubber^ 

'Part  of  the  class  532-570  series. 
•Part  of  the  class  520  series. 

See  appendix  tables  6-13.6-14.  and  6- 15.  Science  &  Engineering  Indicators  -  1 993. 


Text  table  6-2. 

Top  15  most  emphasized  U.S.  patent  classes  for  inventors  from  Canada,  France,  and  Great  Britain 


Canada 

France 

Great  Britain 

1. 

Metallurgy 

Induced  nuclear  reaction,  systems 

Drug,  bio-affecting  &  body  treating 

&  elements 

compositions 

2. 

Chemistry,  inorganic 

Wave  transmission  lines  &  networks 

Joints  and  connections 

3. 

Electricity,  conductors  and  insulators 

Brakes 

Chemistry,  fertilizers 

4. 

Plastic  article  or  earthenware  shaping  or 

Organic  compounds' 

Metal  fusion  bonding 

treating 

5. 

Multiplex  communications 

Organic  compounds' 

Optical  waveguides 

6. 

Chemistry— analytical  &  immunological  testing 

Communications,  directive  radio  wave 

Aeronautics 

systems  &  devices 

7. 

Telephonic  communications 

X-ray  or  gamma  ray  systems  or  devices 

Organic  compounds^ 

8. 

Static  structures,  e.g.,  buildings 

Glass  manufacturing 

Pulse  or  digital  communications 

9. 

Supports 

Pipe  joints  or  couplings 

Drug,  bio-affecting  &  body  treating 

compositions 

10. 

Mineral  oils:  processes  and  products 

Communication,  electrical:  acoustic  wave 

Wells 

systems  &  devices 

11. 

Apparel 

Organic  compounds' 

Brakes 

12. 

Wells 

Chemistry,  inorganic 

Conveyors,  power-driven 

13. 

Chemistry,  electrical  current  producing 

Registers 

Glass  manufacturing 

apparatus,  product  and  process 

14. 

Matehal  or  article  handling 

Electricity,  circuit  makers  and  breakers 

Compositions 

15. 

Cleaning  and  liquid  contact  with  solids 

Aeronautics 

Communications,  directive  radio 

wave  systems  &  devices 

'Part  of  the  class  532-570  senes. 

See  appendix  tables  6-16.6-1 7.  and  6-18.  Science  &  Engineering  Indicators  -  1 993. 


Taiwan  illust fates  the  movement  of  Mi:s  toward  new 
technology  development  and  improvement  of  previously 
established  technolo^^ies.  (Sec  text  table  (>3  and  appendix 
table  6-19.)  As  recently  as  1980,  Taiwanese  patent  activity 
in  the  United  States  was  predominantly  in  the  area  of  toys 
Q     and  other  amusement  devices.  Bv  1991.  Taiwan  was 

ERIC 


active  in  more  hi^^hly  technical  classes,  .i^aining  I'.S. 
patents  in  such  areas  as  communications  technology, 
semiconductor  manufacturing  processes,  and  internal 
combustion  engines.  (See  NSB  1991.  chapter  6.)  Tlie  latest 
data  now  show  that  inventors  from  Taiwan  have  added 
superconductor  technology  to  their  list  of  patent  classes. 
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Text  table  6-3. 

Top  15  most  emphasized  U.S.  patent  classes  for  inventors  from  Taiwan  and  Korea 


Taiwan 


1 .  Locks 

2.  Superconductor  technology:  apparatus,  material,  process 

3.  Closure  fasteners 

4.  Metallurgy 

5.  Amusement  and  exercising  devices 

6.  Semiconductor  device  manufacturing  process 

7.  Electricity,  conductors  &  insulators 

8.  Electricity,  circuit  makers  &  breakers 

9.  Error  detection/correction  &  fault  detection/recovery 

10.  Electrical  connectors 

1 1 .  Brushing,  scrubbing  &  general  cleaning 

12.  Metal  deforming 

13.  Illumination 

14.  Telephonic  communications 

15.  Pumps  


Korea 


See  appendix  tables  6-1 9  and  6-20. 


Electric  lamp  &  discharge  devices 

Semiconductor  device  manufacturing  process 

Static  information  storage  &  retneval 

Telephonic  communications 

Pictorial  communication;  television 

Electrical  transmission  or  interconnection  systems 

Dynamic  magnetic  information  storage  or  retrieval 

Pulse  or  digital  communications 

Electric  heating 

Gas  separation 

Registers 

Joints  and  connections 

Multiplex  communications 

Electric  lamp  and  discharge  devices,  systems 

Active  solid  state  devices,  e.g.,  transistors,  solid  state  diodes 
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I'.S.  patcMitint^  by  South  Korean  inventors  is  heavily  con- 
centrated in  the  patent  classes  that  include  electrical  i)ro(l- 
ucls  and  electronic  component  technologies.  (See  text 
table  (>3  and  appendix  table  (>20.)  South  Korea  is  also 


ver>'  active  in  such  commercially  sij^nificant  technologies 
as  semiconductor  devices  and  computer  peripheral  equii> 
ment.  hi  fact.  South  Kore^  is  already  a  major  supplier  of 
computers  and  periphera..,  to  the  United  States,  and  these 


Figure  6-21. 

Share  of  total  patents  awarded  to  nonresident  inventors 
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1990 
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Brazil 


NOTE:  German  data  are  for  the  former  West  Gemiany  only. 
See  appendix  tables  6- 1 2  and  6-21 . 
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patent  aelivity  data  show  that  the  couiun^  s  inventors  nuiy 
be  developing  the  iniprovenients  that  will  support  South 
Korea's  future  competitiveness  in  these  technologies.'' 

Patenting  Outsiae  the  United  States 

In  must  parts  of  the  world,  foreign  inventors  account  for 
a  much  larger  share  of  total  patent  activity  than  is  the  case 
in  the  United  States.  WHien  foreign  patent  activity  in  the 
United  States  is  compared  with  that  in  11  other  important 
countries  during  the  years  1985  through  1990,  only  the 
fonner  Soviet  Union — with  under  2  percent  of  its  patents 
awarded  to  foreign  inventors— and  Japan — with  around  15 
percent— had  less  foreign  patent  activity.  (See  figure  (>21 
and  appendix  table  6-21.)  Tlie  long  pendency  period  (6  to 
7  years)  in  Japan  and  Japanese  industry's  practice  of  filing 
large  numbers  of  applications  claiming  minor  technical 
improv(Mnents  to  rival  patentees'  core  technology  tend  to 
discourage  foreign  patenting  (CAO  1993). 

\Miat  is  often  obscured  by  the  rising  trends  in  foreign- 
origin  patents  in  the  United  States  is  the  success  and 
widespread  activity  of  I'.s.  inventors  in  patenting  their 
inventions  around  the  world.  i\s.  inventors  lead  all  other 
foreign  inventors  not  just  in  countries  neighboring  the 
United  States  (Canada  and  iMexico)  or  in  those  as  close  cul- 
turally as  Urreat  Britain,  but  also  in  Japan,  Brazil,  and  hidia. 
(See  figure  (>22 )  Two  of  the  United  States'  major  competi- 
tors show  similar  global  patenting  activity.  Japanese  inven- 
tors edge  out  Americans  in  (iennany  and  dominate  foreign 
patenting  in  South  Korea.  .German  inventors  lead  all  foreign 
inventors  in  iTance  and  the  former  Soviet  Union;  they  are 
also  quite  active  in  all  of  the  other  countries  exam.ined. 

International  Patenting  Trends  for  Three 
Important  Technologies*- 

'fliis  section  explores  the  relative  strength  of  America  s 
technological  position  by  examining  international  patenting 
j)attems  in  the  critical  technologies  of  advanced  manufactur- 
ing, biotechnolog}',  and  information  technology .^-^  To  facili- 
tate patent  search  and  analysis,  these  broad  technology 
areas  vvere  each  represented  by  a  njirrower  subfield:  robot 
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•■Soulh  Korea  was  the  fifth  la.  .est  foreign  supplier  of  computers  and 
peripherals  to  the  Tiiited  States  in  1989.  See  ITA  (1991).  p.  28-2. 

'■Data  in  this  section  are  drawn  from  a  database  coiitaininj^  patent 
records  from  X\  major  patenting  countries,  which  facilitates  a  more 
comprehensive  assessment  of  the  r.s.  technological  position  vis-a-vis 
other  national  competitors.  Iliese  data  were  developed  under  contract 
lor  the  National  Science  Foundation  by  Mojrce  Research  .^i-  Ajialysis 
Associates:  they  were  extracted  from  th'*  rid  Patents  Index 
database  published  bv  Derwent  Publications. « 

'■I  he  technoloK\'  areas  selected  f(^r  this  study  met  several  cntcna: 

♦  Kach  appeared  on  the  lists  of  critical  technologies  considered 
important  to  future  r.s.  economic  competitiveness  or  national 
securilv.  (See  Mogee  1991.) 

♦  Kach  is  characierized  by  the  output  of  patentable  products  or 
|)rocesses.  . 

♦  Kach  could  be  defined  sufllciently  to  permit  construction  of 
accurate  patent  search  strategies. 

♦  Ivach  yielded  a  Nulficienl  population  for  statistical  analysis. 


technology  was  used  as  a  proxy  for  advanced  manufactur- 
ing, genetic  engineering  (recombinant  DNA—RDNA— tech- 
niques) was  used  for  biotechnology,  juid  optical  fibers  were 
used  to  represent  patent  activity  in  information  technology.^  ^ 
To  ensure  nuiximum  comparability  of  data,  tlie  unit  of  analy- 
sis used  in  this  discussion  is  built  around  the  concept  of  a 
"patent  family —i.e..  all  the  patent  documents  published  in 
different  coununes  associated  with  a  single  invention.  (Sc»e 
"hitemational  Patent  Families  as  a  Basis  of  Comparison.") 

hi  this  section,  three  indicators  are  used  to  compare 
national  positions  in  each  critical  technology. 


•niiese  ubfields  were  identified  based  on  a  review  of  recent  critical 
technologies  reports  and  extensive  consultation  with  National  Science 
Foundation  sial"f  and  ex  pens  in  the  technologies  lo  determine  rei)re- 
senialive  subfields. 


Figure  6-22. 

Patents  granted  to  nonresident  inventors, 
by  granting  country;  1990 


Japan 


Germany 


10        20        30       40        50  60 
P«rcantage  of  nonresident  patents 

NOTE:  German  data  are  for  the  former  West  Germany  only. 

See  appendix  table  6-2 1 .       Science  &  Engineering  indicators  -  T 993 


4^  \J  i 


178  ♦ 


Chapter  6  Technology  Development  and  Comoetitiveness 


International  Patent  Famil 

! 

;      A  patent  family  consists  of  all  the  patent  docu- 
i  nients  published  in  dit'ferent  countries  associated 
;  with  a  single  invention.  The  first  application  filed 
I  anyv/here  in  the  world  is  the  priority  application',  it  is 
I  assumed  that  the  country  in  which  the  priority  appii- 
!  cation  was  filed  is  the  countr>'  in  which  the  invention 
was  developed.  Similarly,  the  priority  year  \s  the  year 
in  which  the  priority  application  was  filed.  The  basic 
patent  is  the  first  patent  or  patent  application  pub- 
lished in  any  of  the  33  countries  covered  in  the 
database  us^^d  in  this  section.  This  database,  the 


as  a  Basis  of  Comparison 

World  Patents  Index  Latest,  covers  basic  patents 
published  from  1981  to  the  present. 

Counts  of  patent  families  over  time  as  an  indicator  of 
technological  activity  are  skew^ed  by  those  countries 
with  national  patent  systems  that  encourage  large 
numbers  of  patent  applications  (e.g.,  Japan).  To  elimi- 
nate this  bias  wherever  possible,  international  patent 
families  are  used  as  a  basis  of  comparison.  An  interna- 
tional patent  family  is  created  when  patent  protection 
is  sought  in  at  least  one  other  country  besides  the  one 
in  which  the  earliest  priority  application  was  filed. 


♦  Trends  in  international  inventive  activity:  'Iliis  indica- 
lor  pi'ovidcs  a  first  measure  of  the  I'xtcnl  and  .i^rowih 
of  each  nation's  invcniivt*  activity  imi)()i'tani  enou.ijh  lo 
be  patented  oulside  ol  ihe  coiintiy  of  ori.cjin.  These 
(lata  are  tabulated  by  priority  year.  (Sec*  'inlenialional 
Patent  Families  as  a  liasis  (^i  Comparison"  for  defini- 
tion.) Since  US  months  usually  sei)arate  the  patent  fil- 
in.u:  (late  from  the  date  of  i)ublicali()n.  available  data 
may  be  incomplete  prior  to  U)cS()  and  after  191K):  there- 
fore, the  period  examined  is  1980  lo  U)9()J' 

♦  Hif^hly  cited  inventions:  Itilerpalenl  citations  are  an 
accepted  method  of  .i^au.i^in^  the  lechnoloKical  value 
or  si.u:nificance  of  different  i)alenls.*"  I'hese  citations, 
provided  by  the  patent  e.Kaniiner  usually  on  the  front 
pai^e  of  a  patent  document,  indicate  the  "prior  ail" — 
i.e..  tlu*  technolo.tr>'  iii  related  fields  of  invention — 
that  wa^^  taken  into  account  in  judirin.u:  the  novelty  of 
the  present  invention.'  The  number  of  citations  a 
patent  receives  from  later  patents  sem^s  as  an  indi- 
cator of  the  oiiijinal  i)aleni'<  technical  importance  or 
vakK^  Tlu*  lechnoloiLjical  sij^nifieance  indicator  used 
here  altem|)ts  to  assess  a  country's  contribution 
toward  advancin.tr  the  particular  field  of  lechnoloi^' 
by  determining  the  number  of  patent  families  from 
each  priority  coimtiy  that  are  highly  cited.*"  "Highly 
cited"  in  this  case  means  the  toj)  1  j)ercent  of  fami- 
lies in  terms  of  tlu^  number  of  citations  received.  To 


normalize  differences  in  number  of  patent  families,  a 
countiy's  share  of  hitxhly  cilcd  patents  are  divided 
by  its  share  of  total  patent  families. 

♦  International  patent  family  size:  (mv(mi  the*  si.tmifi- 
cant  costs  associated  with  obtainin.tr  patent  protec- 
tion in  multiple  countries,  it  can  be  assumed  that 
the  number  of  countries  in  which  protection  has 
been  sou.i^ht  is  an  indicator  of  the  perceived  com- 
mercial potential  of  an  invention.  An  indicator  of  rel- 
ative national  rankings  of  connnercial  potential  is 
calculated  by  comparing  mean  family  size  for  inter- 
national patent  families  by  priority  country.^" 

Robot  Technology 

Robot  technolo.uy,  a  high-visibility  facet  of  advanccHl 
manufacturing,  is  easily  associated  with  this  broader 
technology  sector.  Vov  this  study,  robot  technologx'  was 
defined  as  program-controlled  manipulators,  including 
the  manipulator.  i)rogram  control,  gripping  heads,  joints, 
arm  sensors,  safety  devices,  and  accessories:  and  exclud- 
ing nonprogram-controlled  manipulators,  prosthetic 
devices,  and  toy  robots.  " 

International  Patenting  Activity.  An  examination  of 
international  patenting  trends  during  the  UKS()-9()  decade 
highlights  the  rapid  growth  taking  place  in  the  develop- 
ment of  robot  tec  molog\*.  The  number  of  international 


'  111  luaiiy  v  («untn("<.  i)alrm  apijlioiniuiix  an-  imhrNlu'd.  aiiunnalically. 
IS  iii()nili<  MW\'  ihc  piioriiy  illiiii:. 

•c^irprnhr.  \ariii.  aiKi  W'onll  M'*."^!)  <lit>\v  iliat  U'l'hnolneirallv 
iniponaiU  i  palnus  on  avi-raui-  ivci'ivr  iwitc  as  m.iny  rxaiiiiiUT  cita- 
tions as  (l(»t's  \\w  avcra.cH'  i  palcni.  \\v\<>  lu'lpin.u  lo  conllrni  ihc  validi- 
IV  ol"  intiM'paloni  ciiaiioii  as  an  indii'alor  ni  puiriu  quality.  Ali)rn.  Avciy. 
Varin.  and  Mr.Mlistcr  ^how  dial  niadon  loinUs  prove  lo  hv  a 

iisi'lul  tool  in  idi'iiiifyinj^  coninicirialh  inij)orianl  pau-nts. 

"I'lu*  citations  coiniicd  arr  iho'^i'  placi'd  on  j)alcnis  iIKhI  uidi 
Kiiropi-an  I'aicnl  Olllcc  (I  I'o)  by  i  po  cxainincTs.  ^^iiicc  ri'o  dtauons  are 
bt'lievt'd  lo  be  a  less  biased  and  broader  <ource  o)  citations  iban  those 
'.iIUkM  .>.  I'alenl  ancnVadeinark  Olllce.  N-eClausand  Hiixhani  (IW). 

•"Cilalion  data  are  based  on  ihe  total  number  ol"  pati-nl  laniilies.  not 
)U*^t  the  intcniotiomit  families. 


'  Operationally,  this  means  C(juntintr  the  luunoer  ol  countries  in  a 
family  in  uliich  a  patent  publication  ti.e..  a  published  patent  a|)plication 
or  an  issued  jiatenO  exists. 

'The  U'ends  discussed  lor  robot  teclinolon^y  are  estimates  based  on 
a  sample  ot  2,?tvu  records  drawn  Ironi  a  population  ol"  lO.litKi  records 
listed  in  Denvent's  World  Patent  Index  Uitest  (wpil.)  database.  Hie 
populati(Mi  ctjusisted  ol  all  wiMl  robni  ii'chnolo>j>'  ri-cords  with  basic 
patent  publications  jndjlished  in  H)S1  thnni^jh  nii(M99^i  and  priority 
applications  in  the  I'niied  Stales.  Jaj)an.  Wt'si  (ierinaiiy.  Mast 
(icrniany.  France,  (ireat  I^ritain.  and  South  Korea.  The  sampling 
method  was  random  sample,  strati  lied  by  priority  count  r\'.  11ie  seven 
countries  accounted  lor  about  <)4.4  percent  of  total  robot  lei'linoloR>' 
families,  "fhe  then-Soviei  I'nion  accounted  for  about  another  28  prr- 
cent.  but  was  not  included  because  of  incoinpleic  data  associated  with 
thai  countiy's  breakup. 
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palcnl  lainilios  with  priority  applications  in  the  sc'ven 
couiurii'S  examined  (the  United  States.  Japan.  West 
(iermany,  Kasl  Ciermany  France,  Cireat  Britain,  and 
South  Korea)  rose  quickly  and  steadily  from  1980  to  1988 
before  slowing  down  in  the  following:  2  years.  Patenting? 
activity  by  this  seven-country  i^roiip  accounts  lor  about  65 
l)ercont  of  all  families  in  this  technolo^i^  area. 

The  conventional  perception  of  japan  as  an  innovator 
in  the  area  of  advanced  inanuiacturing  techniques  is 
reinforced  by  the  lar^^e  number  of  robot  inventions  for 
which  Japanese  firms  have  sourIu  international  patent 
protection,  Japan  led  all  other  countries  in  the  total  num- 
ber of  international  patent  families  in  robot  tcchnoloK^' 
created  during  the  entire  1980-90  period.  (See  figure  iyZi 
and  appendix  table  i>22.)  Japan  held  39  percent  of  the 
3,264  international  patent  families  created  during?  this 
decade,  followed  by  the  United  Stales  (23  percent).  West 
(li'rmnny  (17  perc(MU).  Franc(»  (12  percent),  and  (ireat 
Britain  ((>  |)ercent). 

Rankings  for  Japan  and  the  United  States  change 
somewhat  when  the  total  number  of  foreign  api)lications 
associated  with  each  countiy's  robot  technology  is  con- 
sidered, looking  at  the  entire  1981-90  period,  the  United 
States  ranks  slightly  ahead  of  Japan  (28  versus  27  per- 
cent), but  the  Ignited  States  overtakes  Japan  only  after 
r.s.  tlrms  doubled  their  foreign  patent  activity  in  robot 
technok)gy  in  the  1986-90  period  compared  with  1981  to 
1985.  Japanese  tlrms  also  increased  their  foreign  patent 
activity  in  the  latter  half  of  the  decade,  but  not  to  the 
extent  recorded  for  die  United  States.  (See  text  table  (>4.) 

Data  were  also  compiled  for  the  former  Fast  Ciermany 
and  South  Korea.  While  East  (iermany  showed  consider- 
able domestic  patent  activity  involving  robot  technology, 
that  same  level  of  technological  activity  is  not  evident 
when  data  on  international  families  are  (examined.  This 
may  retlect  their  isolation  from  trade  with  the  Wc^stern 
world.  Data  for  South  Korea  show  only  a  few  domestic 
patents,  and  South  Korean  companies  have  sought  inter- 
national patent  protection  for  nearly  all  of  these  robot 
inventions.  Tliis  indicates  a  high  interest  in  international 
commercialization  common  to  trade-based  economies  ol 
newly  industrializing  countries  like  South  Korea. 

Highly  Cited  Inventions.  Japan  led  all  countries— and 
by  a  wide  margin — with  67.5  percent  (36  of  53)  of  all 
highly  cited  robot  technology  patents''  generated  during 
the  1981-85  period.  France  (with  11.2  percent  of  the  high- 
ly cited  patents),  W>st  Germany  (9.8  percent),  and  the 
United  States  (9.6  percent)  trailed  distantly.  (See 
appetidix  table  (>23.)  Japan  and  France  each  had  about 
1.6  times  the  number  of  highly  cited  inventions  as  expect- 
ed based  on  their  U^vels  of  activity  (i.e.,  their  total  num- 
bers of  tamilies).  (See  text  table  (>5.)  West  Germany,  the 
United  States,  and  Great  Britain  did  not  produce  the 
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•()))eraiionally.  ihrso  iiicliKlcd  nil  fainilit's  with  prioiiiy  applicalion 
ilatfs  inmi  IWI  to  witli  fivo  or  more  dialions,  atul  those  with  pri- 
ority application  dates  from       to  I'Mi  with  two  or  more  citations. 


Figure  6-23. 

Robot  technology:  Share  of  international  patent 
families,  by  priority  year  and  country 


Great  Britain  - 
3% 


1980 

N  =  117  inventions 


1985 

N  =  356  Inventions 


Great  Britain  - 
4% 


Other  -  1% 


1990 

N  =  298  inventions 

NOTES:  An  international  patent  family  is  created  when  patent 
protection  »s  sought  outside  of  the  patenting  country.  German  data  are 
for  the  former  West  Germany  only. 

See  appendix  table  6-22.       Science  &  Engtneenng  Indicators  -  1993 


209 


180  ♦ 


Chapter  6  Technology  Development  and  Competitiveness 


Text  table  6-4. 

Robot  technology:  Total  number  of  foreign  patents,  by  priority  country 

  1981-85  _  _   J1^986-90  1981-90 

Number  of  Country  Number  of  Country  Number  of  Country 


Priority  foreign  share  of  foreign  share  of  foreign  share  of 

Country  patents  total  patents  total  patents  total 


Total   6.692  100.0  10.387  100.0  17.079  100.0 

United  States   1.584  23.7  3.193  30.7  4.777  28.0 

Japan   1.948  29.1  2.627  25.3  4,575  26.8 

West  Germany   1.359  20.3  1925  18.5  3,284  19.2 

France   1,059  15.8  1.890  18.2  2.949  17.3 

United  Kingdom   696  10.4  664  6.4  1.360  8.0 

East  Germany   46  0.7  56  0.5  102  0.6 

South  Korea   0  0.0  32  0.3  32  0.2 


NOTE:  Patent  population  is  estimated. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  contract  to 
the  National  Science  Foundation. 
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(*xpeciecl  number  of  hip^hly  cited  inventions.  Si^ecifically. 
West  (iLTmany  produced  only  80  {)ercenl  o I' what  mip^ht 
expected  based  on  the  number  of  inventions  il  pro- 
duced durin.G:  this  period,  and  the  L'niled  States  and 
Circat  Britain  produced  about  half  of  what  was  expected. 
Japan  and  France  thus  appear  to  have  contributed  a  dis- 
proportionate number  of  important  robot  inventions  rela- 
tive to  their  level  of  inventive  activity. 

hi  the  198(v90  time  period,  the  United  States  caup^hl 
up  with  Japan  in  terms  of  number  of  hi^^hly  cited  fami- 
lies: Kach  country  had  nearly  41  percent  of  highly  cited 
families  for  that  tiine.  Rankings  for  the  other  countries 
did  not  change  substantially.  Although  the  United  States 
and  Japan  each  had  the  same  share  of  highly  cited  fami- 
lies, this  represented  a  much  larger  share  for  the  United 
States  when  adjusted  for  level  of  activity.  The  United 
States  had  twice  the  number  of  highly  cited  inventions 
as  would  be  expected  based  on  its  share  of  all  families, 
while  Japan  fell  short  (producing  90  percent  of  what  was 
expected).  Tliis  suggests  that  even  though  Japan  had  a 
higher  number  of  robot  inventions,  r.s.  inventions  were 
more  technologically  important. 


Text  table  6-5. 

Robot  technology:  Citation  index 


Citation  ratio 


Priority  country 

1981-85 

1986-90 

United  States 

0.5 

2.1 

Japan  

...  1.6 

0.9 

France  

1.6 

1.2 

West  Germany 

.  .  0.8 

0.6 

Great  Britain  

0.4 

0.6 

...  0.0 

0.0 

South  Korea  

  0.0 

0.0 

NOTE:  The  citation  index  is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  its  share  of  total  patent  families 
See  appendix  table  6-23.        Science  &  Engineering  indicators  -  1993 


Mean  International  Patent  Family  Size,  When 
mean  international  patent  fainily  size  is  calculated  for 
robot  technology.  [Tance  and  (ireat  [^>ritain  show  the 
highest  levels  of  perceived  conimercial  value  based  on 
this  measure.  Those  robot  inventions  originating  in 
France  and  (jreat  Britain  for  which  patent  protection 
has  been  sought  in  at  least  one  other  country  have  a 
mean  patent  family  size  of  8.5  and  7.9  countries,  respc^c- 
lively,  closely  followed  by  the  United  States  (7.4  coun- 
tries) and  West  (jermany  (6.9  countries).  Japan's  and 
South  Korea  s  international  robot  patent  families  tended 
to  be  much  smaller.  (See  text  table  6-6.) 

Tlie  United  States  again  shows  surprising  strength  in 
this  indicator,  especially  in  light  of  the  fact  that  the  coun- 
tries it  trails  are  all  located  in  Wt^stern  Europe  and  have 
many  commercial,  locational,  and  historical  ties  that  facili- 
tate multiple-country  patenting.  The  move  toward 
European  unification  has  also  encouraged  wider  patenting 


Text  table  6-6. 

Robot  technology:  Number  of  international  patent 
families  and  average  famiiy  size 

Number  of  Average 


Priority  country  families  family  size 


France   435  8.5 

Great  Britain   205  7.9 

United  States   833  7.4 

West  Germany   587  6.9 

Japan   1.321  4.0 

South  Korea   ^2  3.2 

East  Germany   56  2.8 


NOTE:  Patent  family  size  is  determined  by  the  nubmer  of  countries  for 
which  patent  protection  is  sought  for  a  single  invention.  The  number  of 
intemational  families  in  this  table  is  not  the  same  as  in  appendix  table  6- 
22  because  this  table  includes  all  robot  families  with  basic  patents  pub- 
lished in  1981  through  mid-1 993. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications. 
LTD),  special  tabulations  by  Mogee  Research  &  Analysts  Associates 
under  contract  to  the  National  Science  Foundation. 
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wiihin  luiropc:  however,  iliis  iiinuciK-e  is  i)r()l)al)ly  not 
yv[  ivvealcd  Uilly  in  ihrsc  data. 

Genetic  Engineering 

As  robot  lochnolo.i,^'  is  closely  ideiuifiecl  wiih  advanced 
inanufaclurinK.  k^cnelic  en.ixineerinK  is  closely  identitled 
with  the  broad  field  ol  biotechiU)loiT\'.  I* or  this  study.  j?cnetic 
eii.irineerinu  is  defined  as  KDNA  technolot^y— or  more 
specifically,  as  the  formation  of  microbial  mutants  by 
KDNA  techniques.  It  covers  processes  for  isolation,  prepa- 
ration, and  purificatien  of  DNA  or  KNA,  DNA  or  RNA  frag- 
ments and  modified  forms  thereof;  the  introduction  of 
foreiun  genetic  material  using  vectors:  vectors;  use  ol 
hosts:  and  expression.  As  used  here,  genetic  engineer- 
ing excludes  monoclonal  antibody  lechnolo.gv'.  *■ 

International  Patenting  Activity.  I  he  (h^  ade  of  the 

l^KSOs  really  marks  the  introduction  of  ginielically  engi- 
tieered  products  to  the  global  markeli)lace.  From  1^)<S0  to 
198r),  the  number  of  international  patent  families  in  this 
field  increastnl  lenfokl:  it  had  doubled  again  by  U)89.  (See 
appendix  table  (>24.)  All  of  the  seven  countries  with  signif- 
icant technological  activity  generally  followed  this  trend. 

'llie  l-nited  States  is  widely  considered  the  global  leader 
in  the  field  of  biotechnolo.gy,  and  these  data  support  that 
perception.  The  I'nited  Stales  is  the  priority  countr\^ 
(i.e.,  the  location  of  first  patent  application)  for  57  per- 
cent of  the  internationally  palenled  inventions  created 
during  the  1980-90  period,  japan  follows  wiih  20  percent, 
the  I'nited  Kingdom  with  \)  i)ercent,  and  \\  est  (Germany 
with  8  percent.  (See  figure  (>24.) 

When  the  total  number  of  foreign  applications  associ- 
ated with  each  countiy  s  genetic  engineering  technology 
is  eonsidered,  the  I'nited  States  continues  to  lead  all 
other  countries  in  international  patenting  in  this  field. 
The  railed  Slates  had  more  foreign  patents  than  the 
other  six  countries  combined,  accounting  for  nearly  (^0 
percent  of  the  27,()()()  foreign  patents.  Comparing  the 
U)8(>90  period  to  the  1981-85  period,  it  appears  that  sev- 
eral other  countries  are  gaining  on  the  United  States. 
The  I'nited  States  led  in  both  halves  of  the  decade,  fol- 
lowed by  Japan,  but  both  countries'  leads  declined  as 
West  (lerman,  T^ritish,  and  French  foreign  patenting 
shares  in  this  field  grew  comparatively  more  rapidly. 
(See  text  table  (v7.) 

Highly  Cited  Inventions.  Vlw  I'nited  Slates,  with  50 
percent  of  the  total  patent  families  recorded  during  the 
1981-85  period,  had  the  largest  proportion  of  highly  cited 
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Siiu'c  |)aU'ni  applkalions  may  lake  up  U)  1.^  nioiuhs  hdon'  iniblira- 
lion,  |)aleiuink'  acliviiy  daia  lor  ihc  years  allcr  \m)  i\rv  available  but 
inconiploU'. 

The  n-ciuls  (list  usscc!  lor  irciu'lir  cii^iiK'erin.i^  technoioiiy  arc 
based  on  the  po|)ulalion  of  I.IIS.'")  ^ciiciic  ciiirinrerinir  paUMil  records  in 
Ihe  World  Palenls  Iiulex  IxUesl  dalabasc.  with  prioriiy  applications  in 
die  seviMi  ccuiniries  under  ^ludy  and  basic  patent  piiblicalions  h'oni 
\W\  to  (.»arlv  These  sevcMi  countries  accounted  for  about  Sf>.4 
perc<MU  of  total  genetic  <iiK'iiiccrinj:  patent  lan^ilies. 


Figure  6-24. 

Genetic  engineering:  Share  of  International  patent 
families,  by  priority  year  and  country 


19B0 

N  =  25  inventions 


France  -  2% 

Germany  -  7^o 


1985 

N  =  229  Inventions 


France  -  5% 


Germany  -9% 


1990 

N  =  441  inventions 

NOTES:  An  international  patent  family  is  created  when  patent  protection 
is  sought  outside  of  the  patenting  country.  German  data  are  for  the 
former  West  Germany  only 

See  appendix  table  6-24 .      Science  &  Engineenng  Indicators  -  1 993 
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Chapter  6  Technology  Development  and  Compelitrveness 


Text  table  6-7. 

Genetic  engineering:  Total  number  of  foreign  patents,  by  priority  country 


_1981~85  _    _  _   1981.T?0^  

Number  of  Country  Number  of  Country  Number  of  Country 

Priority  foreign  share  of  foreign  share  of  foreign  share  of 

Country  patents  total  patents  total  patents  total 


Total   7.968  100.0  19.463  100.0  27.431  100.0 

United  States   5.181  65.0  11.159  57.3  16.340  59.6 

Japan   1.344  16.9  2.885  14.8  4.229  15.4 

West  Germany   599  7.5  2.268  11.7  2,867  10.5 

United  Kingdom   673  8.4  2.063  10.6  2.736  10.0 

France   155  1.9  1.026  5.3  1.181  4.3 

South  Korea   0  0.0  44  0.2  44  0.2 

East  Germany   16  0.2  18  0.1  34  0.1 


NOTE:  Patent  population  is  estimated. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  contract  to 
the  National  Science  Foundation. 
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paliMil  laiuilics — 7."*  ikmwiU.  or  .s  of  iIk*  11  such  families 
idciilitlcd.  *  (Sec  icxl  table  (>S  atui  apiKMulix  table  (v-.").) 
With  perciMil  of  lh(^  total  families.  Jai)an  had  just  2  (IS 
percent)  that  wi^re  hi.^hly  cit(>d.  (ireat  Britain  was  the 
only  other  eountiy  with  any  i)atent  families  considered 
hi.uhly  citi*d — 1:  it  had  fewer  than  percent  of  the  tolal 
patent  families  in  this  lleld. 

In  the  198()4K)  time  period,  both  the  number  of  new 
irenetic  entrincerinu  inventions  (patent  families)  and  the 
number  of  technically  important  patent  families  were 
p.early  three  times  tiiat  recorded  durin,ir  the  earlitn"  pc^riod. 
Ja|)an  (with  1.317  families)  moved  ahead  of  the  Tnited 
States  (with  1,125)  in  terms  of  total  number  of  patent  fami- 
lies: however,  the  I'nited  States  continues  to  i)r()duce  the 
most  hijxhly  cited  patent  families  in  this  technolo.j^y  field. 
In  lact,  the  Tnited  States  accounted  for  2!)  of  the  hi.uhly 
cited  i)atent  families  filed  durinir  the  later  period,  and  had 
1.8  times  as  many  hi.trhly  cited  patent  families  as  exi)ected 
based  on  its  le\'el  of  activity,  (ireat  Britain,  with  far  fewer 


patent  families  than  either  Japan  or  the  I'nited  States,  pro- 
duced times  the  number  of  hi.u:hly  cited  patent  families 
as  expected  based  on  its  level  of  activity. 

Despite  the  lartje  jump  in  new  i^enetic  eni^ineenn.y:  tech- 
nolot^ies  oiitdnatintx  in  Jai^an,  tlie  I'nited  States  ai)pears  to 
lead  the  other  countnes  in  tenns  of  the  technolotrical  merit 
of  the  work  bein^^  done,  based  on  ibis  indicator.  Work  done 
in  (ireat  Britain  has  not  produced  the  same  number  of 
I)atente(i  inventions  as  in  Japan  or  ttie  United  Slates,  but  this 
work  does  appear  to  represent  impoHant  advancements. 

Mean  International  Patent  Family  Size,  Patented  ^^enc^ 
tic  en^ineerin^i^  invtMitions  devek)|X'd  in  Western  I^urojK'  and 
the  United  States  appc^ar  to  be  the  most  commercially  valu- 
able based  upon  this  measure.  This  indicator  identified 
patented  inventions  ori.trinatin.e  in  W(^st  dennany  as  havini? 
the  highest  commercial  potential  based  on  C()mj)arison  of  the 
mean  size  of  international  patent  families  for  this  technoio^n^-. 
(S(.v  text  table  (>-9.)  WVst  Cieniian  international  |)atents  have. 


'OptM-aiionally.  iniMiKlod  all  fainilii's  uiili  pi  iority  appliraiioti 
dates  Ironi  W\  to  1'.^."^  with  12  or  more  eilalioiis.  atid  those  uiili  prior- 
ity ap|)lieali()n  dates  Irniii  U'St^  U)  WW  uilh  (i  or  niort*  eilaliniK. 


Text  table  6-8. 

Genetic  engineering:  Citation  index 

Citation  ratio 


ERLC 


Priority  country 

1981-85 

1986-90 

Great  Britain ."  

1.7 

2.3 

United  States  

1.4 

1.8 

France   

0.0 

2.5 

0.5 

0.4 

West  Germany  

0.0 

0.0 

East  Germany  

.  0.0 

0.0 

South  Korea  

.  0.0 

0.0 

NOTE:  The  citation  index  is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  its  share  of  total  patent  families. 
See  appendix  table  6-25.        Science  &  Engineering  Indicators  -  t993 

Text  table  6-9. 

Genetic  engineering:  Number  of  International  patent 
families  and  average  family  size 

Number  of  Average 
Priority  country  families  family  size 

West  Germany   209  15.5 

France   103  13.1 

Great  Britain   251  12.8 

United  States   1,492  12.0 

Japan   526  9.4 

South  Korea   6  8.2 

East  Germany   6  6.7 

NOTE;  Patent  family  size  is  determined  by  the  nubmer  of  countnes  (or 
which  patent  protection  is  sought  for  a  single  invention.  The  number  of 
international  families  m  this  table  is  not  the  same  as  in  appendix  table 
6-22  because  this  table  includes  all  robot  families  with  basse  patents 
published  in  1981  through  mid- 1993. 

SOURCE:  World  Patents  Index  database  (London:  Derwent 
Publications,  LTD),  special  tabulations  by  Mogee  Research  &  Analysis 
Associates  under  contract  to  the  National  Science  Foundation. 
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oil  av('i*ajr(\  soukIu  palcMil  (jrolcvtioii  in  15  counuics:  l-'iviich 
and  British  orij^in  inlcmalional  paUMils  have  scu.irhl  paionl 
proiectioii  in  V.)  countries.  Patented  k^eiietic  enRineerin.er 
inventions  ()ri.i?inatin^  .n  the  Tnileci  States  rank  founh  in  ikt- 
ceived  coninierciai  exploitation  potential.  Inv(Milionsorii,nnat- 
in^  in  Japan,  South  Korea,  and  ICast  (lemiany  trailed  the 
Tnited  Stales  hased  on  this  measure. 

Optical  Fibers 

National  technolo^rical  positions  in  the  broad  and  amor- 
phous Held  of  information  techno. ..gy  have  here  been 
assessed  through  an  examination  of  international  patenl- 
activity  of  optical  {)ber  lechnoloj^y.  Optical  fibers  are 
tlexible,  transparent  fibers,  usually  made  of  extremely 
pure  glass,  and  designed  and  manufactured  to  guide  rays 
of  light.  Optical  fibers  have  a  greater  information-carrying 
capacity  than  copper  wire:  communications  compani(*s — 
anticipating  future  infoniialion  demands — are  increasing- 
ly replacing  their  copper  v/ire  transmission  lines  with 
new  lines  made  of  optical  fiber.  For  this  study,  optical 
fibers  were  definec!  to  include  plastic  fibers,  optical  liber 
])undles.  optical  prefomis.  and  integrated  optical  waveg- 
uides. The  definition  excludes  optical  fiber  cables  and 
connectors,  light  sources  and  receivers,  couplers,  ampli- 
tiers,  repeaters,  and  switches.  The  seven  countries  ana- 
lyzed account  for  approximately  94.6  percent  of  total 
patent  activity  by  all  countries  in  this  lechnolog\'/'"' 

international  Patenting  Activity,  During  the  1980-90 
period,  the  seven  countries  analyzed  generated  a  total  of 
1.872  international  patent  families  in  the  field  of  optical 
tlbers.  The  formation  of  international  patent  families 
increased  nearly  every  year  during  the  1980s  (there  was 
a  slight  decrease  in  number  in  1989  compared  to  1988). 
reaching  a  p(Tiod  high  of  2(31  international  patent  fami- 
lies formed  in  1990."' 

Japan  and  the  I'nited  States  led  all  other  nations  in  the 
fomiation  of  international  patent  families  involving  optical 
fiber  technol()g\\  Japan  surpassed  the  United  States  in 
1981  and  led  the  seven-nation  group  thereafter.  (See 
appendix  table  iy2ii)  Japan  held  'M)  percent  of  the  total 
(with  ()84  international  families)  families  fonned  over  the 
period  studied;  the  United  States  held  30  percent  (559 
international  families).  West  Germany.  Great  Britain,  and 
I'Yance  trailed  with  17.  9.  and  7  percent  of  the  total,  respec- 
tively. East  Germany  and  South  Korea  had  comparatively 
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•I'hc  trends  discussed  for  oplical  tlber  Krhnolo.ey  are  estiinales 
based  on  a  sampk^  of  4,930  patent  records  drawn  from  the  population  of 
7.848  optical  fiber  patent  records  in  the  World  Patents  index  Utesl 
database  with  prioritv  applications  in  the  seven  countries  under  study 
and  basic  patent  publications  from  U)81  to  early  1993.  'Hie  4,930  patent 
records  include  the  entire  population  of  optical  fiber  patent  families 
with  priority  applications  in  the  Dnited  States,  West  Ciermany.  Kast 
Oermany,  (;reai  Britain.  France,  and  South  Korea:  and  a  43-perceni 
sample  of  the  patent  families  with  a  priority  application  in  Japan, 
'llierefore.  data  presented  for  Japan  are  estimates,  while  data  presented 
for  the  other  six  countries  are  tnie  population  figures. 

'•U)SH)  is  the  last  year  for  which  complete  data  are  available. 


Figure  6-25. 

Optical  fiber  techinoiogy:  Share  of  International 
patent  families,  by  priority  year  and  country 


Great  Britain 
8% 


1980 

N  =  61  inventions 


Other  -  1% 


1985 

N  =  135  inventions 


1990 

N  =  261  inventions 

NOTES:  An  international  patent  family  is  created  when  patent 
protection  is  sought  outside  of  the  patenting  country.  German  data 
are  for  the  former  West  Germany  only. 

See  appendix  table  6«26.     Science  &  Engineenng  Indicators  -  1993 
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Text  table  6-10. 

Optical  fiber  technology:  Total  number  of  foreign  patents,  by  priority  country 


1981-^5 


1986-90 


1981-90 


Priority 
Country 

Number  of 
foreign 
patents 

Country 
share  of 
total 

Number  of 
foreign 
patents 

Country 
share  of 
total 

Number  of 
foreign 
patents 

Country 
share  of 
total 

Total  

4.063 

100.1 

7.527 

100.0 

11,590 

99.9 

1 ,457 

35.9 

2.555 

33.9 

4,012 

34,6 

1,228 

30.2 

1,796 

23.9 

3,024 

26.1 

673 

16.6 

1,485 

19.7 

2,158 

18,6 

454 

11.2 

1,023 

13.6 

1.477 

12.7 

230 

5.7 

654 

8.7 

884 

7.6 

20 

0.5 

5 

0.1 

25 

0.2 

East  Germany  

1 

0.0 

9 

0.1 

10 

0.1 

NOTE:  Patent  population  estimated. 

SOURCE;  World  Patents  lnde>:  database  (London;  Derweni  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  contract  to 
the  National  Science  Foundation.                                                                                   ^^.^^^^  ^  Engineering  Indicators  -  1993 

insignificant  niinibcrs  of  inlornalional  patent  families  in 
this  technoloKV'.  (See  tlj^iire  (v25.) 

WluMi  the  total  number  of  foreign  applications  associ- 
ated with  each  country's  optical  fiber  tochnoloj^y  is  con- 
sidered, the  Tnited  States  and  Japan  switch  places,  and 
the  I'nited  Slates  becomes  the  leader  in  terms  of  total 
numbers  of  foreign  patents  sought  for  optical  fiber  tech- 
nology. Out  of  a  total  of  4,063  optical  fiber  foreign 
patents  generated  from  priority  applications  filed  by  the 
sev(Mi  countries  under  study  during  the  1981-85  period, 
the  L'niK^d  States  generated  3()  i^ercent  (1,457  patents)  of 
the  total,  and  Japan  generated  30  percent  {1.228 
|)atents).  In  the  second  half  of  the  decade,  the  United 
States  improved  on  its  lead  ov(t  Japan.  However,  the 
\V("<tern  European  nations  showed  the  greatest  growth 
in  toreign  patenting,  gaining  on  both  the  United  States 
and  japan.  (See  text  table  (vlO.) 

Highly  Cited  Inventions.  During  the  U)81-85  period, 
the  seven  countries  together  created  2,043  optical  fiber 
[)atent  families,  of  which  22  were  highly  cited.'''  Japan 
genei'ated  the  greatest  number  of  patent  fainilies  in  this 
technology  art^a  during  this  period  and  also  had  the 
greatest  number  of  highly  cited  inventions — 12  (or  54 
percent  of  all  highly  cited  patent  families).  Yet,  when 
t^ach  country's  number  of  highly  cited  patent  families  is 
normalised  by  calculating  its  citation  ratio,  the  United 
States  leads  all  seven  nations.  The  United  States  had  a 
citation  ratio  of  2.0,  or  two  times  as  many  highly  cited 
patent  families  than  would  be  expected  given  its  share  of 
total  families  during  this  period.  Japan's  citation  ratio,  0.9, 
suggests  that  the  12  highly  cited  families  produced  by 
Japan  during  this  period  were  slightly  below  expecta- 
tions, given  the  total  number  of  patent  fahiilies  generated 
by  Jai)an.  (rreat  Britain  had  only  one  highly  cited  family, 
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( Jperalionally.  ihcsc  included  all  families  with  priority  application 
dates  irom  Umi  U>  19»r>  with  ei^ht  or  more  citations,  and  those  with  pri- 
ority application  dates  from  UWi>  to  1990  with  three  or  more  citations. 


but  meets  expectations  in  this  indicator  with  a  citation 
ratio  of  1.0.  (See  text  table  (>11  and  appendix  table  (>-27.) 

In  the  1986-90  time  period,  the  number  of  optical 
fiber  inventions  (patent  families)  doubled,  and  the  num- 
ber of  technically  important  patent  families  were  over 
three  limes  that  recorded  during  the  earlier  period. 
Japan  accounted  for  nearly  69  percent  of  the  patent 
families  generated  in  this  period,  but  again  did  not  pro- 
duce ihe  expected  number  of  highly  cited  families  out 
of  this  total.  It  ended  up  with  a  citation  ratio  of  only  0.5. 
With  a  citation  ratio  of  2.6,  the  United  States  once  again 
shows  high  productivity  of  technically  important  optical 
fiber  inventions. 

Several  European  countries  showed  greater  productiv- 
ity of  technically  important  optical  fiber  inventions  in  the 
late  1980s.  Cireat  Britain  stands  out  in  this  later  period, 
with  a  citation  ratio  of  3.5.  the  highest  among  the  seven 
countries.  France,  with  a  citation  ratio  of  2.9  during  this 
period,  also  greatly  exceeds  expectations,  producing 
nearly  three  times  the  number  of  highly  cited  families 
expected  from  its  total  number  of  optical  fiber  inventions 
patented  during  this  period. 


Text  table  6-1 1 . 

Optical  fiber  technology:  Citation  index 

Citation  ratio 

Priority  country  1981-85  1986-90 


United  States  

2.1 

2.6 

Japan  

0.8 

0.5 

Great  Britain  

1.0 

3.5 

.  0.0 

2.9 

,    .  0.5 

1.1 

East  Germany  

0.0 

0,0 

.  .  .  0.0 

0.0 

NOTE:  The  citation  index  is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  Its  share  of  total  patent  families. 

See  appendix  table  6-27.       Science  &  Engineering  Indicators  -  1993 
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Text  table  6-12. 

Optical  fiber  technology:  Number  of  international 
patent  families  and  average  family  size 

Number  of  Average 


Priority  country  families  family  size 


Great  Britain   174  10.0 

United  States   634  8.0 

France   154  7.9 

West  Germany   351  7.8 

Japan   734  5.2 

South  Korea   6  4.8 

East  Germany   10  2^ 


NOTE:  Patent  family  size  ts  determined  by  the  nubmer  of  countries  for 
whjch  patent  protection  is  sought  for  a  single  invention.  The  number  of 
international  families  in  this  table  is  not  the  same  as  In  appendix  table 
6-26  because  this  table  includes  all  optical  fiber  families  with  basic 
patents  published  in  1981  tlirough  mid-1993. 

SOURCE:  World  Patents  Index  database  (London:  Derwem 
Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis 
Associates  under  contract  to  the  National  Science  Foundation. 
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Mean  International  Patent  Family  Size,  Based  on 
mean  international  family  size,  the  optical  fiber  inventions 
with  the  highest  perceived  forei^  market  potential  were 
produced  in  Great  Britain.  Patent  protection  for  these 
British-origin  optical  fiber  inventions  has  been  sou^^ht  in, 
on  average,  10  foreign  countries.  'Iliis  compares  to  an  aver- 
age international  patent  family  size  of  about  eight  countries 
for  the  United  States.  France,  and  West  Germany  (8.0,  7.9. 
and  7.8  countries  on  average,  respectively). 

Optical  fiber  inventions  developed  in  Japan  for  which 
firms  sought  patent  protection  in  at  least  one  other  coun- 
try, on  average,  have  an  international  patent  family  size  of 
just  5.2  countries.  (See  text  table  (>12.)  'Hie  optical  fiber 
inventions  from  South  Korea  and  East  (iormany  had  even 
less  perceived  potential  in  foreign  markets,  with  average 
international  family  sizes  of  just  4.8  and  2.0,  respectively. 

Small  Business  and  High  Technology 

iMany  of  the  new  technologies  and  industries  seen  as 
critical  to  the  Nation  s  future  economic  growth  are  close- 
ly identified  with  small  business.  For  example,  biotech- 
nology and  computer  software  are  industries  built 
around  new  technologies  that  wereMargely  commercial- 
ized by  small  business.'*^  Small  business  retains  certain 
advantages  over  large  businesse-^^  in  commercial  environ- 
ments characterized  by  fast-moving  technologies  and 
rapidly  changing  consumer  needs.  A  keen  receptivit>'  to 
new  product  ideas  found  outside  their  own  operations 
characterizes  this  efficiency  (see  Hanson  1991).  Small 
businesses  supplement  internal  product  development 


"The  role  of  small  business  as  a  commcrcializcr  of  new  technoUv 
gies  is  somewhat  unique  to  the  United  Slates.  See  Mowery  and 
-  Rosenberg  (1993). 


with  new  |)r()duct  ideas  drawn  from  dealings  with  cus- 
tomers, suppliers,  government  labs,  universities,  and 
others  to  ensure  useful  innovations.  These  attributes 
make  small  business  a  key  sector  to  watch  as  the  Natu)n 
seeks  lo  stimulate  the  development,  adoption,  and  diffu- 
sion of  new  technologies.  ' 

'ITiis  section  presents  information  on  new  company  for- 
mation in  the  United  Stales  and  foreign  ownership  of  lunv 
high-tech  companies.""  Tlie  discussion  focuses  on  C()mj)a- 
nies  active  in  the  following  eight  technok)gy  fields; 

♦  automation, 

♦  biotechnology, 

♦  computer  hardware, 

♦  advanced  materials, 

♦  photonics  and  optics, 

♦  software, 

♦  electi^onic  components,  and 

♦  telecommunications. 

lliese  fields  encompass  many  of  the  technologies  con- 
sidered critical  to  the  countiy's  future  economic  compet- 
itiveness (National  Critical  Technologies  Panel  1993), 

Trends  in  New  U.S.  High-Tech  Business 
Startups 

The  rapid  formation  of  new  high-tech  companies 
observed  during  the  second  half  of  the  1970s  and  the 
early  1980s  was  followed  by  a  shaq)  decline  in  such  forma- 
tions in  the  late  eighties.  (See  appendix  table  (5-28.)  'Iliat 
declining  trend  appears  to  be  continuing  into  the  eariy 
1990s  with  the  number  of  annual  company  formations 
averaging  only  about  one-third  of  that  s(Tn  in  the*  slower 
second  half  of  the  1980s.  Still,  nearly  half  of  all  I'.s.  high^ 
tech  companies  operating  in  1993  were  formed  in  just  the 
last  14  years.  That  proportion  is  even  higher  (around  60 


"hi  a  1982  study  done  for  the  Small  Business  Adminisiration  com- 
paring  innovation  between  small  and  lar^e  linns,  it  was  lound  that 
small  firms  produced  2A  times  as  many  innovations  employer  as 
did  large  firms.  See  Futures  Group  (1984)  and  Hanson.  Stein,  and 
Moore  (1984). 

""Information  in  this  section  Is  derived  from  the  Cc^rji'I't'ch  database, 
owned  by  Cori)orate  'HH-hnolotiy  Information  Services.  Inc.  The 
CorpTech  database  i)ermits  an  inspection  of  small  business  <*n lilies  by 
technology  field.  Tliis  database  includes  many  of  the  new  startups  and 
private  companies  often  missed  by  other  databases  and  is  one  of  the 
most  current  sources  of  information  on  small  newly  formed  companies 
active  in  hiRh-tech  fields.  'Hie  database  attempts  to  be  all-inclusive:  by 
CorpTech  s  own  estimate,  it  includes  99  percent  ol  lar^e  conijianies 
(over  1.000  employees).  75  percent  of  incdium-sized  companies  with 
250  lo  1.000  employees,  and  (^5  percent  of  companies  with  less  than 
2.50  employees.  When  prospective  companies  for  inclusion  in  the 
database  are  identified,  they  are  sent  questionnaires  covering?  their 
size;  status  (private  or  public,  independent,  subsidiary,  or  joint  ven- 
ture); year  formed;  and  product  groups  in  which  they  are  active.  The 
version  of  the  database  used  here  (Rev.  8.2  1993)  includes  about 
35,000  independently  managed  companies. 
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pcMTCMit)  lor  coinpulcM'-relaicd  c()nii)ani(»s  and  Ibr  compa- 
nies whose  main  business  involves  biolechiiolo.un'. 

'IVehnolo^icully,  the  I98()s  mark  ihe  decade  ol  th(.'  com- 
puler  and  ils  rapid  inle^ralion  into  Ajiieiica  s  daily  life.  By 
the  inid-eijjriuies,  il  was  hard  to  find  a  modem  olllce  thai 
(lid  not  iisc»  a  i)ersonal  computer  (li),  a  new  car  that  did 
not  include  computerized  functions,  or  a  child  that  did  not 
hav(»  acc(»ss  to  a  vc  in  eienientaiy  school,  'llie  tn^nds  in 
new  company  formations  amonj?  th(»  various  fields  of  tc»ch- 
nolo^^\'  reflect  this  revokition.  For  example,  [iboul  half  of 
the  new  hi^h-tech  businesses  formed  since  1980  wei'e 
compuler-relak»d  companies.  Amon^^  these,  software  com- 
panies accounted  for  the  lar^^est  number. 

llie  number  ol'  new  software  companies  stands  out  not 
just  in  the  computer-related  catep:ory  but  also  when  com- 
pared to  all  other  technology  fields.  According?  to  the 
CorpTech  database,  sofnvare  d(?velopment  and/or  servic- 
ing? is  the  primary  business  tor  'M  percent  of  the  lO.OOO 
new  high-tech  companies  formed  since  1980  and  in  exis- 
tence in  1993.  However,  the  large  number  of  new  software 
companies  started  in  the  eariy  1980s  (1980-84)  was  not 
duplicated  in  the  second  half  of  the  decade,  with  the  num- 
ber of  new  software  startups  dropping  nearly  45  percent. 
Thus  far  in  the  1990s,  software  technolog}'  continues  to 
create  the  greatest  number  of  small  business  startups 


among  the  eight  technol().g\'  fields  examined,  but  not  al 
the  pace  set  during  the  pnwious  decade.  (See  figure  (>-2().) 

Other  technology  fields  that  exhibited  relative  share 
growth  in  the  early  1990s  are  companies  in  the  biote^ch- 
nology,  advanced  materials,  and  photonics  and  optics 
tlelds,  l>iotechnology  was  the  only  technology  field  that 
exhibit(»d  produced  st(»ady  relative*  share  growth  during 
the  198()sand  into  the  early  199()s. 

Foreign  Ownership  of  U.S.  Higli-Tech  Companies 

Fewer  than  7  perccMit  of  the  23.000  new  high-tech 
companies  listed  in  the  CorpTech  database  we-re  under 
foreign  ownership  in  199!1  (See  appendix  table  (>29.) 
The  United  Kingdom  has  Ihe  largest  r.S.  presence*,  fol- 
lowed by  Japan  and  (icrmany.  Although  these  three 
countries  own  companies  active  in  each  of  the  eiglu 
technology  fields  examined,  they  each  tend  to  be  drawn 
to  certain  fields.  The  United  Kingdom  and  (lermany  lend 
to  own  l  .s.  companies  involved  in  the  d(welopment  of 
advanced  materials,  and  Japan  tends  to  own  tel(»commu- 
nications  and  computer  hardware  companies. 

Compared  with  the  major  industrialized  countries. 
Taiwan  and  South  Korea  own  relatively  few  I'.s.  high-tech 
companies.  Taiwan's  acquisitions  are  in  two  fields — com- 
puter hardwai*e  and  telecommunications.  South  Korea 
also  owns  companies  in  these  fields,  but  its  largest  con- 
centration of  acquisitions  are  in  the  biotechnology  field. 


Figure  6-26. 

High-tech  business  formation,  by  technology 


Automation 
Biotechnology 
Computer  hardware 
Advanced  materials 
Photonics  and  optics 

Software 

Electronic 
components 

Telecommunications 


Total  number  of  conrioames 
formed  ui  eacn  oenod 


1980-84 
1985-89 
1990-93 


5  659 
660 
-38 


!!3 


10 


20 


30 


40 
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Percentage  of  all  high-tech  companies 
formed  during  each  period 

NOTE:  Data  reflect  information  collected  through  July  1993. 

See  appendix  table  6-28.       Science  &  Engineenng  Indicators  -  1993 


New  High-Tech  Competitors'' 

The  previous  sections  identill(»(l  several  nalions  thai 
have  made  tr(Mne!uh)iis  tt*chiiok)j?ical  leaps  forward  over 
the  past  d(*cade.  Whellun*  these  eouiUries  will  play  (»ven 
more  iinportanl  roles  in  leehnolopn/  dt^velopineiU  in  the 
near  future  remains  to  be  seen,  but  several  Asian  eeon- 
oinies  ai)pear  to  be  \v(*lhp()sition(*d  for  jusl  such  roles. 
Their  lar^3^e  and  continuing?  investments  in  science  and 
enj^ineerin^^  education  and  K\l)  resources  and  infrastruc- 
ture provide  a  foundation  on  which  to  build  their  position 
in  many  hij^h-tech  areas.''- 

This  section  attempts  to  assess  the  future  national 
competitiveness  in  hi^^h-tech  industries  of  eij^ht  Asian 
economies:  the  four  newly  industrialized  economies — 
Hong  Konj?,  Sin^^apore,  South  Korea,  and  Taiwan — and 


•  ■'"niis  strtion  prt'setris  (*arly  results  ol  rcscatoii  sponson-tl  l)v  the 
Xatlotial  ScitMK't'  l-oiitidation  aimed  at  (UnrlopiuK  new  indicators  ol 
luUioiial  ti'chttoltjjiical  coinpctitivcncss.  I'lu-sf  indicators  have  nntlor- 
^oiw  fxtensive  validity  and  reliability  testin^^  that  supports  tlu'ir  use  as 
a  tool  for  both  policy  analysis  and  research.  See  Roessncr.  Porter,  and 
Xii  (1992). 'Hie  present  discussion  I'oaises  on  several  Asian  economies 
whose  rapid  K^rouih  or  potential  to  make  important  contributions  in 
s^T  areas  has  attracted  the  attention  ol  the  industrialized  world.  Data 
assessing  (he  hi^^h-tech  potential  of  countries  in  other  hnporlant 
rej^ions  are  beitiR  collected  in  order  to  provide  more  comprcliensive 
assessments  ot'  technolojjical  competitiveness  in  luture  Scir}irc 
Engineering  Indicators  reports. 

■-See  chapter  2,  "Asian  Students  in  L'.S.  rniversities."  and  ^^KS 
(1993). 
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Leading  indicators  of  National  Competitiveness 


Ilie  model  used  to  develop  the  competitiveness  pro- 
jections discussed  in  this  section  combines  various 
quantitiitive  data  with  expert-derived  measures  to  pro- 
duce the  following  four  leading?  indicator  areas. 

♦  National  commitment:  evidence  that  a  nation  is 
taking:  directed  action  to  achieve  technological 
competitiveness. 

♦  Socioeconomic  infrastructure:  the  social  and  eco- 
nomic institutions  that  support  and  maintain  the 
physical,  human,  organisational,  and  economic 
resources  essential  to  the  functioning  of  a  mod- 
em, technology-based  industrial  nation. 

♦  Technological  infrastructure:  the  social  and  eco- 
nomic institutions  that  contribute  directly  to  a 


nation  s  capacity  to  develop,  produce,  and  market 
new  technology. 

♦  Productive  capacity:  the  physical  and  human 
resources  devoted  to  manufacturing  products,  and 
the  efficiency  with  which  those  resources  are  used. 

These  indicators  have  been  the  subject  of  several 
research  projects  conducted  in  three  phases  over  5 
years.  Phase  I  sought  to  identify  a  set  of  composite  indi- 
cators that  could  be  used  to  assess  current  and  future 
national  competitiveness  in  technology-based  product 
markets;  phase  II  focused  on  expanding  country  cover- 
age and  testing  the  indicators;  and  phase  III,  now  under 
way,  entails  further  model  refinement  and  testing.  For 
further  details  on  this  research  and  on  indicator  con- 
stmction,  see  Porter  and  Roessner  (1991). 


four  countries  viewed  as  rmerKing  Asian  t^cononiies 
(KAKs) — C'iiina.  India,  Indonesia,  and  Malaysia.  This 
conipiniliveness  is  gaugt'd  through  scons  in  lour  lead- 
ing indicator  areas— national  conimilnuMit,  socioc^cononi- 
ic  infrastructure,  tivhnological  infrastructure,  and  pro- 
ductive capacity."'  (St»e  figure  i)-'27.)  These  indicators 
wen*  designed  to  id(Mitify  those*  couiitric^s  with  the  poten- 
tial of  becoiiiing  more  im|)()rtant  (exporters  of  high-t(vh- 
nology  products  over  tlu»  \)c\[  15  y(^'irs.  A  more  thor- 
ough discussion  of  tlu>  indicators  and  projc^clion  model 
used  in  this  analysis  is  provid(»(l  in  "Leading  Indicators  ol 
National  CompelitiviMiess."'*' 

National  Commitment 

The  national  commitment  indicator  alteniins  to  identify 
tlu)S(»  nations  whose  business.  g()V(M*nni(Mit.  and  cultural 
orientation  rneourages  high-ttrhnolog}'  (U»v(»loi)m(Mit.  'llii^ 
indicator  was  constnicte^d  using  information  from  a  suivey 
of  inleniational  experts"'  and  published  data.  'Ilie  suivcy 


Thcsi'  l<»ur  iiulicalor^  \\r\'v  used  by  "i  \  (  n)i>LM  hi  examine 
Mi'xk'o  s  tcchiioloixical  l  ainicily. 

■Tlu'  *<(.<)rcs  (liscLissi'd  in  llii^  scLlioii  are  rxtracled  Iroin  K'u'Ssticr 
Tills  calciilaU'd  slaiulard  stoirs  based  on  data  loi'  10 

eroiiDniirs:  China,  llon.u:  K()n^,^  India.  Indonesia.  Malaysia,  ihe 
lMulipi)ines.  ^ini^aixire.  S(uilh  Korea.  Taiwan,  and  Thailand.  "Tlie  snr- 
V(»y  insnmnenl  eonsisied  ol  IT)  clnsed-eaded  (|\iesti()n'<  widi  resi^oiises 
nil  a  riv(»-i)oinl  scale.  The  instnniieiU  wiis  sent  lo  a  si)!ni)le  ol  eounliT 
experts  in  April  WO.  l\xi)eris  were  srleeted  because  of  their  knowl- 
edvje  t)l  the  teehnolotr>"  i)olieies  and  socioeeononiic  conditions  in  hhel 
countries  studied....  Occasional  hij^h  variance  in  resi)onses  to  individ- 
ual suiTey  itenis  were  atrributable  tn  rater  incnnsistencies  rather  than 
to  inlierenl  uncertainty  about  a  nation's  status,  (lem'rally.  the  sur\ey 
itiMus  discriminated  wt»ll  anionic  comuries.  and  the  median  standard 
deviation  el"  rcspoi<ses  to  individual  rjuestions  within  countries  was 
less  than  one  on  a  live-point  scale." 

■"nic  sum*y  instnnuent  consisted  of  15  closed-ended  questions  with 
responses  on  a  l-i)oi!n  scah».  'Hie  iusirunient  was  sent  to  a  sample  of 
countn'  experts  in  Ai)ril  19^)f^:  these  exi)erts  were  selected  based  on 
their  knowled.i^e  of  the  technolou>'  luilicies  and  socioeconomic  coiuli* 
tions  in  thecoiuuries  studied.  Occasional  hi«:h  variance  in  resi)onses  to 


asked  the  expcils  to  rate  national  strategies  that  promote 
hi.ijh-tech  dinvlopment.  social  inlluences  favoring  techno- 
logical chan.i^e.  and  entri^p^'H^'iirinl  s|)iiit.  'Hie  ptiblished 
data  wcr(^  used  to  rate  each  nation's  lisk  factor  for  foriM^rn 
investmeiU  over  the  next  f)  years  (l-Vost  and  Sullivan  UKS? 
and  I'M)). 

The  four  Asian  NlKs  received  veiy  close  ratings  on  this 
indicator.  (See  \\\x{\\v  i>27.)  However,  expeiis'  hit^her  rat- 
ings for  Kon.ijs  cultural  and  social  altitudes  about 
new  tirhnoloto'  and  its  stron.ij  (MUreprcMietirial  s|)irit  ele- 
vated that  economy's  comi)()site  score  over  the  other  Nll-s. 
(See  appendix  table  (k^jO.) 

Three*  of  the  lour  (MiUM'^imx  Asian  economies  (China. 
India.  Indonesia)  scort^d  c|uit(»  low  rt»lalive  to  other  nations 
on  this  indicator.  Their  scores  w(M*e  brou^lu  down  l)y 
experts'  c()mi)aratively  k)w  judi^mcMits  of  iheir  cultural  and 
social  attitudes  toward  new  uvlinolo^r}'  and  entrepreneur- 
ship.  China  had  the  l(nv(»sl  ovt»rall  score  of  the  three*,  a  result 
of  b(Mn^  jud.u:ed  to  have  the  highest  inv(»stment  risk  and  the 
lowest  prc»disi)()siii()n  for  innovative  actum  and  lisk-takin.ir. 

Accordin^^  lo  this  indicator.  Malaysia  leads  the  other 
l-  AHs  in  its  national  commitment  toward  achievin.uf  lech- 
nolo^jical  competitiveness.  Malaysia's  scores  were  con- 
sistently and  significantly  higher  than  those  of  the  other 
h:AKs  across  the  full  ran^e  of  variables  considered  for 
this  indicator.  Nevc^rtheless.  Malaysia's  scores  were  still 
well  bek)w  those  for  the  more  advanced  Asian  Ml- s. 


Socioeconomic  Infrastructure 

This  indicator  assesses  the  underlying  i)hysical.  finan- 
cial, and  human  resources  needed  to  support  hi^h-tecli 


individual  suivey  itenis  were  attributable  to  rater  inconsistencies  rather 
than  to  inherent  uncertainty  about  a  nation's  status,  Oenerallv.  the  sur- 
vey itenis  discriminated  well  anions  countries,  and  the  median  sian- 
(lard  deviation  of  resjjonsesto  individual  questions  within  countries  was 
less  than  1  oifDicjA-fJ^int  scale  (Koessner,  PoUer.  and  Xu  1992), 
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Figure  6-27. 

Leading  Indicators  of  technological  competitiveness 
for  &  '"^cted  Asian  economies 
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NOTE:  Scores  were  normalized  to  median  values  of  zero  for  the  10 
economies  (the  8  noted  here  and  the  Philippines  and  Thailand),  based 
on  surveys  of  expert  opinion  conducted  In  1990  and  statistical  data  for 
the  late  iQSOs. 
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(li'vclnpiiKMiu  It  was  built  I'roiii  |)i!l)lish('(l  data  oti  pcrcciU' 
aucs  ol*  i)()i)iilalion  in  scvondaiy  •school  and  hij^lu'r  cduca- 
lir)n  and  suitcv  data  cvalualin.u'  iln'  in()l)iliiy  ol  capital 
and  the  <'XlcMil  to  which  forciun  businc^srs  luv  cucour- 
a^^cd  to  invcsi  and/or  do  businrss  in  each  couniiy. 

Tho  data  avfciin  show  a  clear  S('|)araii()n  between  the 
MKs  and  KAI'.s.  (See  figure  i>27.)  Allhoiudi  Nil  scores  lor 
this  leadintj:  indicator  are  tightly  bunched.  Taiwan 
i'(»ceived  the  hi.uhest  score  on  the  l)asis  ol'  its  stron.u:  track 
record  for  .^(Mieral  education,  lloii.ei:  l\on.u  scored  hi^di  on 
tlios(»  variables  conii}arin.u  mobility  ol  capital  and  encoiir- 
a^aMnenl  ol  lorei.t^n  investineiil. 

.-XniouK^  the  K;M:s,  \hilaysia  was  rated  hiuhtst.  based  on 
the  undeiiyini^  i)hysical.  financial,  and  hunum  ivsouircs  il 
has  to  siii)i)oil  technol(),t,n'  devi'lopinent.  Malaysia's  score 
was  l)()lslere(l  by  a  slron.ufcr  showinix  in  both  published  <'du- 
calion  data  and  th  ^  expens'  ()i)ini()ns  of  Malaysia's  physical 
and  financial  resources.  India  liad  the  lowest  lA'erall  score: 
it  was  held  back  l)y  a  poor  rating  on  the  variable  coini)arin.u 
the  iMicouraixenient  of  foreign  business  and  investment. 

Technological  Infrastructure 

Four  vai*iables  are  used  to  (le\'eloi)  this  indicator  which 
evaluates  (1)  a  nation's  i)otenlial  to  expand  its  scientific 
and  tcchnolokncal  knowledge  and  {2]  tlie  industrial  focus 
of  its  \<Sc\)  enterprise.  This  indicator  was  constructed 
usinii;  published  data  on  the  number  c^f  scientists  in  K.VD 
(l'nit(»d  Nations  data);  national  i)urchases  of  electronic 
data  processing  eciuir^nient  (IClsevier  Advanced  Tech- 
uoloi^y);  and  suiTey  data  that  asked  exiXMts  to  rate  the 
economy's  output  of  indi.L^enoiis  academic  scicMice  and 
en.i^ineeriniT,  the  ability  to  make  effective  use  of  technical 
knowled.i^n*.  and  th<»  linka,tT(»s  to  indusin*. 

Taiwan  receiv(»(l  the  hi.t^du^st  composite  scorc^  of  the  ei,uht 
Asian  economit^s  (both  NlKsand  i:.\i;s).  with  strong  nitin.trs 
lor(»ach  of  tlu*  variabl(»s.  (S(r  ll.tnir(M>J7.)  'llicMowest  score 
aniont};  the  MKs  was  accorded  to  Hotiu  Kon^.  Hiis  is  not  sur- 
prisinjj:,  considenn.tr  its  traditional  ndiance  on  entrepre- 
neurial (expertise  rather  than  on  formally  conducted  R\I). 
In  addition,  its  compai*atively  smaller  population  may  have 
played  some  part  in  its  low  scon*  since  numbers  of  trained 
scientists  and  enj^ineers  and  the  sixe  of  the  attendant  \m) 
(^ntcn^iise  are  compared  with  countiies  with  much  lar^^er 
populations  in  the  n^^ion."'  However,  (^ven  thoutrh  Sin.c^a- 
pore  s  population  is  smaller  than  Hon^  Kont^'s,  Sin.u^a- 
pore  s  extensive  national  investm(*nts  in  infonnation  tech- 
nolot^y  and  its  pn)mincnce  in  the  rei^ion  as  a  computer 
manufacturer  more  than  compensated  for  any  population 
bias  and  lifted  its  score  aixwe  that  for  Honj^  Kontj:. 


'The  Harbison-Mycts  hulrx  Iwhich  nu'asurt's  tin-  prrcontai^c  ol 
|)()pulalion  allaiiiiiiK'  H'C()iular>'  and  luixluT  (.'(liK-alii)n>)  was  u^eU  lor 
these  assessiiuMiN. 

This  assessineiil  of  Hoiip  Konir  may  clian.ire  in  the  near  fuutre 
spurred  un  by  ilu*  clian.i:e  in  njle  from  Britain  to  the  China  in  HU)7. 
iiunj:  Kont;  has  recently  opened  a  new  fniversiiy  of  Seienee  ♦IC- 
Technolojrv  and  an  Iiuliistrial  Teehnoloixy  Center.  iSee  Busiru'ss 
UVek  1992.') 
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.'\iiion^?  the  KAKs,  China  and  India  have  [he  hv^hvsi  rated 
technological  infraslruclui'cs.  China  scored  well  on  each  ol 
ihc  variables,  but  distanced  itself  from  the  other  l-Al.s  by 
virtue  of  its  comparatively  lar^e  purchases  of  computer 
equipmei.i.  India's  relatively  hi^h  score  rested  on  the 
strenp^th  of  its  lar^e  number  of  trained  scientists  and  enjri- 
neers  and  their  many  contributions  to  the  svcT  knowledj^e 
base.  On  the  other  hand,  Indonesia's  lar^e  population  did 
not  save  it  from  the  bottom  ranking:  with  low  scores  on 
<»ach  of  the  variables  that  make  up  this  indicator. 

Productive  Capacity 

Tliis  indicator  evaluates  the  stren^h  of  a  nation's  cur- 
rent, in-place  manufacturing  infrastructure  as  a  baseline 
for  assessinK^  its  capacity  for  future  growth  in  hij^h-tech 
activities.  It  factors  in  expert  opinion  on  the  availability  of 
skilled  labor,  numbers  of  indijxenous  hip:h-tech  compa- 
nies, and  judgments  on  the  manaj^ement  capabilities  in 
the  country,  combined  with  published  data  on  current 
electronics  production  in  each  countn\ 

Taiwan's  productive  capacity  scored  the  hii^hest 
amonp:  the  NIHs,  although  South  Korea  and  Singapore 
were  not  far  behind.  (See  figure  (>27.)  Hong  Kong  fell 
short  compared  to  the  other  MKs,  with  low  expert  opin- 
ions of  its  availability  of  skilled  labor  and  on  the  variable 
measuring  electronics  manufacturing. 

Malaysia  once  again  stood  out  among  the  KAKs — in 
fact,  its  score  was  closer  to  that  of  the  MFCs  than  to  the 
group  of  emergi'ng  Asian  economies.  India's  score  was 
also  ciuile  high  compared  to  the  other  countries  in  this 
group,  supported  by  its  comparatively  large  electronics 
manufacturing  industry  and  its  tradition  of  training  its 
students  in  science  and  engineering. 

Summary:  Assessment  of  Future 
Competitiveness  ^ 

Based  on  various  indicators  of  technological  competi- 
tiveness, including  those  discussed  in  this  section."'  sever- 
al Asian  economies  seem  headed  toward  future  promi- 
nence in  technologv'  development — a  prominence  likely  to 
lead  to  a  greater  presence  in  high-tech  product  markets. 

Taiivan  and  South  Korea  seem  best  positioned  to 
increase  their  competitiveness  in  technology-related 
fields  and  markets  and  move  closer  to  Japan  in  terms  of 
technological  stature.  Strong  patent  activity  in  electron- 


■"For  lurthtT  analysis  ol  liilure  c()lnpe'Utiv(^n('^s  ol  ihest*  ciKht 
economics,  sec  "Results  of  Proliminan'  Analysis." 

'■"Wliile  tlu'  conclusion"?  drawn  iVoni  the  leading:  indicators  should  be 
considered  prrliniinary.  they  are  consistent  with  trends  presented  in 
sKs  (199:^)  and  SKS  (lorthconiin^?). 
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ics  and  telecommunications,  tapping  into  I'.s.  lechnologi- 
cai  know-how,  and  incorporating  advanced  technology 
products  throughout  their  economies  are  a  few  of  the 
indicators  suggesting  technological  advancement  for 
these  economies.  The  set  of  leading  indicators  highlight 
the  technological  infrastructure  and  productive  capacity 
in  both  economies  that  should  support  further  growth  in 
their  high-technology  industries. 

Singapore  and  Hong  Kong,  while  showing  many  signs 
of  technological  strength,  seem  to  be  operating  on  a 
somewhat  narrower  technology  foundation  than  are 
Taiwan  and  South  Korea,  lliey  have  not  showri  the  same 
level  of  patent  activity  or  the  same  presence  in  global 
technology  markets  as  have  the  other  two  NIKs.  Hong 
Kong  is  the  region's  wild  card,  however.  Integration  with 
China  is  scheduled  for  1997  and  whether  the  Hong  Kong 
industrial  and  technological  base  will  continue  to  grow 
will  depend  upon  how  it  is  incoq^orated  in  the  new  China. 

Malaysia  is  the  single  emerging  Asian  economy  that, 
on  the  basis  of  these  indicators,  could  likely  develop  into 
the  next  Asian  "tiger" — that  is,  an  NIK.  Malaysia  is  pur- 
chasing increasing  amounts  of  advanced  technology 
products  and  has  attracted  large  amounts  of  foreign 
investment  to  establish  its  own  in-country  high-tech  man- 
ufacturing facilities.  Even  if  these  facilities  are  mostly 
platform  (assembly)  operations  today,  Malaysia's  strong 
national  commitment,  socioeconomic  structure,  and  pro- 
ductive capacitA^  suggest  that  as  it  gains  technological 
capability's,  more  complex  processing  will  likely  follow. 

India  shows  tremendous  strengths  in  certain  of  the 
indicators,  but  also  shows  tremendous  weakness.  The 
countrv'  has  a  long  tradition  of  educating  highly  qualified 
scientists  and  engineers  and  a  well-deserved  reputation 
for  excellence  in  basic  research,  yet  it  harbors  one  of  the 
highest  illiteracy  rates  in  the  region.  Tliis  anomaly  pro- 
duced the  lowest  score  given  among  the  eight  eco- 
nomies for  the  socioeconomic  infrastructure  indicator. 
Uneven  acceptance  of  foreign  products  and  investment 
has  inhibited  internal  competition  that  otherwise  may 
have  motivated  India  to  better  capitalize  on  its  engineer- 
ing strengths.  Some  of  the  regulations  and  policies  relat- 
ed to  foreign  investment  are  slated  to  change  in  the  near 
future,  and  this  may  improve  India's  position  over  the 
longnm  [The  Economist  1991). 

China  and  Indonesia  show  many  mixed  signs  in  these 
indicators  of  technology^  development  and  competitive- 
ness. Both  countries  show  rising  purchases  of  U.S. 
advanced  technology  products  and  increased  licensing 
of  technological  know-how.  Yet  compared  with  the  other 
Asian  economies,  these  countries  do  not  show  the  same 
level  of  national  commitment,  technological  infrastruc- 
ture, and  productive  capacity  that  would  project  techno- 
logical competitiveness  in  the  near  future. 
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Preliminary  Analysis  of  New  Data 


A  preliminary  analysis  of  new  quantitative  and  expert- 
derived  data  indicates  a  further  np*-^'0\ving  between  the 
group  of  NIKS  (Hong  Kong,  Singapore,  South  Korea,  and 
Taiwan)  and  the  group  of  i-Aiis  (China,  India,  Indonesia, 
and  Malaysia).  The  new  set  of  data  show  surprising 
strength  by  Singapore  compared  to  the  other  newly 
industrialized  economies,  improving  its  scores  in  tliree  of 
the  four  leading  indicators.  Yet  other  indicators  suggest 
that  Singapore's  high-tech  strength  is  narrow  compared 
to  that  of  Taiwan  and  South  Korea,  New  data  for  China 


show  a  marked  improvement  in  each  of  the  four  indica- 
tors. Memories  of  Tianenmen  Square  linger,  but  China's 
national  potential  and  commitment  to  achieving  market- 
driven  economic  growth  continue  to  elevate  that  coun- 
try's prospects  as  a  future  high-tech  competitor.  Efforts 
by  India  to  encourage  more  foreign  investment  appear  co 
be  paying  off,  as  suggested  by  the  sizeable  improvement 
in  tlie  indicator  measuring  its  socioeconomic  infrastruc- 
ture. Nevertheless,  Malaysia  continues  to  be  the  standou 
among  the  EAEs. 
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Highlights 


Interest  in  .and  Information  Aiioirr  S&T 

♦  The  level  of  interest  in  science  and  technology 
(S&T)  has  remained  fairly  stable  over  the  past 
14  years.  Approximately  40  percent  of  Americans 
reported  that  they  were  very  interested  in  scientific 
and  technological  issues.  Compared  to  citizens  in 
Japan  and  the  European  Community,  more 
Americans  expressed  a  high  level  of  interest  in  new 
medical  discoveries. 

♦  Only  about  10  percent  of  American  adults  think 
of  themselves  as  being  very  well-informed  about 
science  and  technology.  Only  12  percent  of 
Americans  thought  that  they  were  "very  well- 
informed"  about  issues  involving  new  scientific  dis- 
coveries, and  only  10  percent  claimed  to  be  "very 
well-informed"  about  issues  concerning  the  use  of 
new  inventions  and  technologies. 

♦  Most  Americans  depend  on  tele\dsion  and  news- 
papers as  their  primary  source  of  news  and 
information.  When  looking  for  more  specialized 
information,  e.g.,  personal  health  information,  a  third 
of  American  adults  continue  to  rely  on  television. 

Attitudes  Toward  S&T 

♦  Americans  continue  to  hold  science  and 
medicine  in  high  regard.  Over  the  last  20  years, 
the  proportions  of  American  adults  who  report  "a 
great  deal  of  confidence"  in  the  leadership  of  the  sci- 
entific community  and  the  leadership  of  medicine 
have  been  among  the  highest  for  any  institutions  in 
the  United  States,  including  the  Supreme  Court. 

♦  Approximately  80  percent  of  Americans  believe 
that  S&T  have  increased  our  standard  of  living, 
enhanced  working  conditions,  and  improved  pub- 
lic health.  Throughout  the  last  decade,  at  least  70  per- 
cent of  Americans  have  continuf^d  to  express  the  view 
that  the  benefits  of  scientific  research  have  exceeded 
any  risks  or  harms  associated  with  that  work. 

♦  Many  Americans  hold  mixed  views  about  the 
motives  and  behavior  of  individual  scientists. 

Eighty  percent  of  Americans  think  scientists  want  to 
work  on  things  that  will  make  life  better  for  the  aver- 


age person,  but  53  percent  accept  the  idea  that 
"many  scientists  make  up  or  falsify  research  results 
to  advance  their  careers  or  make  money." 

Pinsuc  Understanding  of  Science 

♦  The  public  understanding  of  basic  environmen- 
tal concepts  is  uneven,  with  high  levels  of 
understanding  of  some  ideas  and  very  little 
understanding  of  others.  Over  60  percent  of 
American  adults  understand  that  the  thinning  of  the 
ozone  layer  can  lead  to  increased  risk  of  skin  cancer 
and  that  acid  rain  can  damage  forests,  but  fewer  than 
1  in  10  know  the  location  of  the  primary  hole  in  the 
ozone  la>er  or  can  provide  a  scientific  explanation  of 
acid  rain.  A  large  proportion  of  the  public  tends  to 
think  that  all  forms  of  pollution,  including  auto 
exhausts,  contribute  to  every  major  environmental 
problem.  Relatively  few  citizens  demonstrate  the  abil- 
ity to  relate  specific  sources  of  pollution  to  particular 
kinds  of  environmental  damage. 

♦  A  higher  proportion  of  European  adults  than 
U.S.  adults  classify  themselves  as  having  a  clear 
understanding  of  several  important  environmen- 
tal concepts.  For  example,  44  percent  of  Europeans 
say  they  have  a  clear  understanding  of  the  hole  in  the 
ozone  layer,  compared  lo  30  percent  of  Americans. 

Youth  Understanding  and  Attitudes 

♦  Most  high  school  seniors  (52  percent)  were 
uncertain  about  the  potential  impact  of  comput- 
ers and  automation  on  jobs,  and  the  balance  was 
about  evenly  divided  between  optimists  and  pessimists. 
The  majority  (55  percent)  of  U.S.  aduks  surveyed  on 
this  issue  in  1992  expected  computers  and  automation 
to  eliminate  more  jobs  than  they  would  create. 

♦  Among  recent  high  school  graduates  who  have 
developed  any  attitude  or  opinion  toward  sci- 
ence and  technology,  there  is  evidence  of  gener- 
ally positive  attitudes  toward  organized  science. 

A  substantial  proportion  of  1990  and  1993  high  school 
graduates  indicated  that  they  had  not  developed  an 
attitude  toward,  or  were  unsure  about,  a  wide  range  of 
science  and  technology  issues 
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Introduction 
Chapter  Background 

Most  Americans  today  ^rcvv  uj)  with  satellites  circliiijx 
the  planet,  the  ability  to  pick  ui)  a  telephone  and  call 
directly  to  almost  anywhere  in  the  world,  and  the  expecta- 
tion that  modern  medicine  can  cure  or  control  most  condi- 
tions. Future  ixeneralions  of  Americans  will  undoubtedly 
live  in  an  increasin^^ly  scientific  and  lechnolo^^ical  >ociety. 

In  li.ixhl  of  this  circumstance,  it  is  impoitanl  to  under- 
stand the  American  view  of  science  and  technology  (S.vcT). 
Do  Americans  recognize  S.V:  T's  contributions  to  their  i)re- 
sent  standard  of  livinj^?  What  do  they  think  will  be  the 
future  relationship  between  science,  technology,  and  eco- 
nomic j)rosperity?  How  do  they  assess  the  impact  of  sXT 
on  their  lives  and  well-bein^^''  How  many  Americans  have 
a  sufficient  understandinji:  of  s,vc  r  to  participate  meaning- 
fully in  public  i)olicy  debates  involving  scientific  and  tcrh- 
iiolo^ieal  issues?  And  finally,  how  do  Americans*  views 
compare  to  tho>t-  of  Iuiroi)eans  and  the  Japanese? 
.Answers  to  these  and  related  questions  can  be  .trained,  in 
part,  by  studying  the  level  of  interest  that  .Americans  have 
in  scientific  and  technical  issues,  how  much  they  know 
about  those  issues,  and  how  closely  they  follow  them. 

The  pace  of  scientific  and  technolo^rical  chancre 
increases  rapidly:  consequently,  the  study  of  science  and 
mathematics  in  school  is  merely  preparation  for  a  life- 
time of  learning  about  new  developments.  Contemporary 
adults  try  to  keep  pace  with  these  chan.t^es  primarily 
throui^h  major  media  sources,  trustin^^— at  some  Ic^vel— 
that  the  informaiion  provided  is  accurate.  Identification 
of  informaiion  sources  and  determination  of  their  per- 
ceived reliability  provides  additional  indications  of  Amer- 
icans' ability  to  i)repare  tor  the  I'uture, 

Finally,  examinintr  the  attitudes  of  f.S.  adults  toward 
and  understanding  the  emcrjxence  of  attitudes  anions  the 
next  ^^eneration,  can  provide  insij^hts  for  policymakers  as  to 
whether  youn^^  .Americans  are  turnin.^  away  from  or  toward 
science  and  technology.  'Ilfis  analysis  may  also  help  deter- 
mine if  there  is  j^TowiuR  distmst  or  jzrowinR  confidence  in 
science  amon.u^  .'\nierican  youth— a  factor  ttiat  may  affect 
their  future  policy  or  career  decisions. 

Chapter  Organization 

To  explore  the  issues  raised  above,  data  from  this  and 
previous  Science  &  Engineering  Indicators  reports  are 
used  and — in  some  areas — combined  with  survey  results 
from  Japan  and  the  European  Community.  The  first  sec- 
tion focuses  on  the  level  of  interest  in  sx- 1\  the  public  s 
self-perceived  level  of  understanding,  and  attentiveness  to 
SXT  issues.  Comparative  information  from  the  European 
Community  and  Japan  is  also  examined.  'ITie  section  also 
looks  at  the  primar>^  sources  of  information  used  by  vari- 
ous segments  of  the  public  to  learn  about  S^KiT,  and  die 
level  of  trust  they  place  in  those  sources. 
The  second  section  examines  i)ublic  attitudes  toward 
^     h.<:  r  in  j^eneral  and  toward  specific  scientific  and  techno- 
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lo.^ical  issues.  It  looks  at  i)atterns  of  chan.^e  ov(»r  the  last 
15  years  relatin.ix  'o  oruanized  science,  scientists,  specilic 
controversies,  j^overnment  spending,  and  the  broad 
impact  of  soC:  !"  on  the  quality  of  life.  Comparative  respons- 
es iVom  citizens  in  Japan  and  the  luiroi)ean  Community 
are  also  reviewed. 

The  third  section  explores  tlu*  level  of  public  under- 
standing of  scicMice  and  lechnoloKy.  Tsing  a  wide  array 
of  measures,  this  section  attempts  to  estimate  the  pro- 
I)ortions  of  t'.s  adults  who  understand  selected  scientific, 
technolo^u^icaL  biomedical,  and  environmental  terms  and 
concepts.  The  section  also  compares  f.s.  responses  to 
those  of  the  European  Community  and  Japan. 

'Hie  final  section  uses  data  from  a  continuin^^  longitudi- 
nal study  of  f.s.  youth  to  assess  the  attitudes  of  the  next 
generation  of  Americans  toward  so^  I".  Data  tVom  national 
samples  of  public  high  school  scMiiors  are  used  to  estimate 
attitudes  toward  both  organized  science  in  general  and 
selected  scientific  and  technological  issues  in  paiticidar 

Interest  in  and  Information  About  S&T 

The  public  policy  agendas  of  modern  industrial 
democracies  are  diverse  and  comi)lex,  and  few  citizens 
are  able  to  focus  on  and  stay  informed  about  more  than  a 
few  issue  areas.  Beginning  with  the  work  of  (iabriel 
Almond  (1950),  social  scientists  have  recognized  that  cit- 
izens of  complex  modern  societies  must  "specialize" 
their  political  interests,  following  those  issue  areas  about 
which  they  feel  they  know  the  most  or  feel  are  the  most 
impoinant  to  themselves,  their  families,  their  businesses, 
or  the  country  in  general.  This  section  presents  study 
data  aimed  at  identifying  pid^lic  interest  in  a  variety  of 
issue  areas;  it  specifically  focuses  on  the  American  pub- 
lic's level  of  interest  in,  and  degree  of  informednc^ss  on, 
science  and  technologx'. 

Interest  in  S&T  Issues 

L/.S.  Pub//c.  The  level  of  interest  in  science  and  tech- 
nolog}^  in  the  United  States  has  remained  fairly  stable 
over  the  last  14  years.'  The  results  of  public  attitude 
studies  conducted  for  Science  cC-  Engineering  Indicators  in 
1992  show  that  around  the  same  {proportion — about  37 
percent— of  Amercians,  have  reported  that  they  were 


'Of  the  1 1  buiicaiois  voiiniK's  published  sinn-  VM'l.  H)  luiw  iiu  luded  a 
chapU'i-  (HI  j)ul)lk-  auilu(k'>  toward  and  viiKlorsiaiidinjr  oI  ^iVI,  IIk'  data  lor 
llu'  prescnl  chaplcrari'  drawTi  I'roiu  two  parallel. studies  coiiducu-d  in  WB'l 
and  under  the  direction  of  ihr  Chica.i^o  Academy  of  S^'ieiux-s.  and 
s|K)ns()rcil  by  die  Nalionai  scirna'  I-(>undaiion  aud  die  National  luMilules 
of  Meallh.  One  suidy  eontinued  die  core  ui  auitude  and  knowledge-  ileins 
from  t)re\-ious  Science  ^  Engincehvg  Indicators  studies:  it  included  tele- 
phone intemews  with  a  nmdonKli>?it  sample  of  1^.001  adults,  'llie  second 
study  atteiiii)led  to  measure  public  attitudes  toward  and  underslandinj,'  of 
biomedical  concepts  and  lechnoloj^ies.  The  biomedical  study  was  based 
on  a  stratilied  i-andoni-diirii  sample  of  Xl  1 1  inteiviews.  See  'IMman*  Data 
Sources"  for  details  on  data  access  for  these  two  studies. 
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Figure  7-1. 

Public  interest  and  informedness  regarding 
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See  appendix  tables  7-1.  7-4.  and  7-7 
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very  inlereslcd  in  }icw  scientific  discoveries  and  neiv 
inventions  and  technologies,  (See  figure  7-1.) 

BeRinniiiR  in  U)85.  public  altitude  studies  eondueled 
Ibr  Science  &:  Engineering  Indicators  have  included  cjues- 
tions  about  interest  in  new  medical  discoveries:  the 
results  indicate  a  hi.cfher  level  ol*  interest  in  those  issues 
than  in  economic,  science,  or  technolopry  issues.  (See 
ll^^ure  7-1.)  Approximately  two-thirds  of  American  adults 
have  since  reported  that  they  are  very  interested  in 
issues  about  new  medical  discoveries,  with  only  3  per- 
cent claimin.c:  to  have  little  or  no  interest.  Older  adults 
tend  to  be  significantly  more  interested  in  new  medical 
discoveries  than  younp^er  adults. 

Individuals  with  hip^her  levels  of  formal  education  and 
more  high  school  and  college  coursework  in  science  and 
mathematics  tend  to  report  higher  levels  of  interest  in 
new  scientific  discoveries  than  do  those  with  12  or  fewer 
years  of  formal  education.  (See  figure  7-2.)  In  1992. 
respondents  with  a  graduate  or  professional  degree* 
reported  a  high  level  of  interest  in  new  scientific  discov- 
eries (44  percent),  while  adults  with  9  years  of  schooling 
or  under  evinced  less  interest  (32  percent).  These  data 
indicate  a  correlation  between  level  of  schooling/course- 
work  and  degree  of  interest  in  these  areas.  No  similar 
relationship  exists  with  regard  to  issues  on  the  use  of 
new  inventions  and  technologies. 

Interest  in  space  exploration  was  highest  among  college 
graduates  and  lowest  among  citizens  with  less  formal 


Figure  7-2, 
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Five  Basic  Concepts  for  Thinking  About  Public  Attitudes  and  Knowledge 


'Hie  following  concepts  are  useful  in  thinking  about 
public  attitudes  towards  and  understanding  of  science 
and  technology  in  general  and  in  understanding  the  spe- 
cific research  methods  used  in  die  major  studies  provid- 
ing data  for  this  chapter.  (Tliese  studies  are  described  in 
'Trimaiy  Data  Sources.*') 

♦  Opinions.-  Opinions  are  lightly  held  dispositions 
towai'd  a  given  issi"\  person,  or  other  attitude  object 
(Hennessy  1972).  If  asked  about  some  issue  that  is 
of  little  concern  to  a  paiticular  individual,  that  per- 
son might  give  a  response  as  part  of  a  conversation 
or  interview,  but  that  opinion  is  not  salient  to  his  or 
her  basic  interests  or  values,  nor  is  it  likely  to  be  sta- 
ble over  time. 

♦  Attitudes:  Altitudes  are  dispositions  toward  an 
issue,  person,  or  other  attitude  object  that  reflect 
import^inl  concerns  and  values  (Hennessy  1972).  A 
person  with  a  long-standing  interest  in  a  given  area 
will  have  firm  feelings  about  that  area.  If  asked 
about  an  issue  of  major  concern  to  them,  most  indi- 
viduals can  provide  a  detailed  and  logically  consis- 
tent response,  reflecting  their  previous  thinking  on 
that  issue  and  its  connections  to  their  other  con- 
cerns and  values.  Attitudes,  in  contrast  to  opinions, 
tend  to  be  stable  over  dme  and  integrated  into  an 
individual's  broader  set  of  values  and  concerns. 

♦  Issue  interest:  Issue  interest  is  a  reladve  measure, 
both  conceptually  and  empirically.  In  1992  and  pre- 
vious Scioice  &  Engineering  Indicators  studies,  indi- 
viduals have  been  asked  to  indicate  whether  they 
were  "very  interested,  moderately  interested,  or  not 
at  all  interested"  in  each  of  a  set  of  public  policy 
issue  areas.  Tlie  use  of  this  trichotomous  self-report 
was  first  validated  in  a  1979  study  where  the  level  of 
self-reported  interest  was  highly  coirelated  with  the 
selection  of  newspaper  headlines  and  stories  that 
individuals  indicated  they  were  Hkely  to  read 
(Miller,  Prewitt,  and  Pearson  1980).  Aldiough  there 
is  no  universal  metric  underlying  this  set  of  ques- 
tions, the  distinction  between  "very  interested,  mod- 
erately interested,  and  not  at  all  interested"  reflects 
the  reladve  level  of  interest  the  responding  individu- 
al assigns  to  each  issue  area.  Since  the  number  of 
issues  that  an  individual  can  follow  effectively  is  lim- 


ited, these  responses  provide  an  indicator  of  those 
areas  each  individual  considers  to  be  of  greatest  per- 
sonal interest  (Miller  1983a). 

♦  Objecth^e  level  of  understanding:  As  used  here, 
the  objective  level  of  understanding  is  a  reflecdon  of 
the  number  of  selected  scientific  and  technical  con- 
cepts that  were  correcdy  idendfied  by  interview  in 
1992  and  earlier  studies.  This  allows  the  construc- 
tion of  a  measure  of  the  level  of  understanding  of 
S^SrT  held  by  adults  in  the  United  States  and  other 
countries.  Note,  however,  that  interviews  (by  tele- 
phone or  in  person)  are  able  to  assess  a  selected 
range  of  concepts  and  generally  cannot  measure 
either  indepth  understanding  of  concepts  or  the 
ability  to  use  and  apply  these  concepts  in  practical, 
hands-on  settings.  Nonetheless,  it  is  useful  to  be 
able  to  distinguish  between  those  citizens  who  have 
a  minimal  level  of  understanding  of  various  scientif- 
ic concepts,  such  as  the  structure  of  matter  and  of 
the  solar  system,  the  dynamics  of  certain  key 
aspects  of  the  planet  on  which  we  live,  and  basic 
concepts  about  the  origins  and  sun^ival  of  plant  and 
animal  life,  and  those  who  do  not  understand  those 
basic  constructs. 

♦  Subjective  level  of  understanding:  Apart  from 
some  objective  metric  of  understanding,  individuals 
have  a  subjective  metric  that  allows  them  to  classify 
themselves  as  "veiy  well-infonned,  moderately  well- 
informed,  or  not  very  well-informed"  about  selected 
issue  areas.  Although  those  individuals  who  are 
objectively  more  knowledgeable  are  significantly 
more  likely  to  describe  themselves  as  being  very 
well-infonned,  there  are  some  individuals  who  have 
a  relatively  high  level  of  understanding  as  measured 
by  objective  indicators,  who  aware  of  the  depth  of 
understanding  held  by  professionals  in  the  field, 
describe  themselves  as  moderately  well-informed. 
Conversely,  some  individuals  who  feel  well- 
informed  may  not  display  a  high  objective  level  of 
understanding.  The  point  of  this  concept  is  that  indi- 
viduals who  think  they  are  very  well-informed  are 
significantiy  more  likely  to  participate  in  public  poli- 
cy disputes  than  are  citizens  who  have  some 
doubts  about  their  level  of  understanding 
(Rosenau  1974  and  Miller  1983a). 


ERIC 


t'ducalion:  h(Avever.  die  proportion  of  adults  reporting  a 
high  level  of  interest  in  issues  about  the  use  of  nuclear 
power  and  about  environmental  pollution  was  not  related 
to  either  the  level  of  formal  schooling  or  the  level  of  sci- 
ence and  mathematics  coursework. 
This  pattern  of  differences  by  level  of  education 
^  .pears  in  analyses  throughout  this  chapter.  Science  and 


scientific  issues  arc  seen  as  more  difficult  subj(»cts  that 
require  more  study  or  knowledge  than  other  kinds  of 
issues-  Technologies — or  technology-related  issues  such 
as  nuclear  power  and  environmental  issues— appeared 
to  be  more  familiar  to  more  respondents,  and  might  be 
seen  as  more  directly  affecting  their  lives.  Therefore, 
interest  in  these  technological  areas  appears  to  be  less 
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Chapter  >  Science  and  Technology.  Public  Attitudes  and  Public  Understanoinq 


Primary  Data  Sources 


Tlic  analysis  ivported  in  this  chapter  resls  ])rinia!'ily 
on  four  major  data  sources,  as  doscribed  below. 

♦  NSF  Survey  of  Public  Understanding  of 
Science  and  Technoloi5  ,  1979-92:  Most  ot  the 
r,S,  data  in  this  chapter  come  from  a  series  of 
national  surveys  funded  by  the  National  Science 
Foundation  (NSF).  The  most  recent  sun/ey,  con- 
ducted in  1992,  consisted  of  telephone  interviews 
with  2,001  adults  a^jed  18  and  over  in  a  national 
probability  sample.  It  contxiined  a  core  of  questions 
that  have  been  asked  in  these  studies  since  1979. 

♦  NIH  Survey  of  Public  Understandinjj  of  Bio- 
medicai  Concepts,  1993:  In  a  joint  program  with 
NSF,  the  National  hislitutes  of  Health  (NlH)  spon- 
sored a  national  study  of  public  understanding  of 
biomedical  concepts.  A  total  of  3,111  telephone 
interviews  were  conducted,  using  a  national  sample 
stratified  by  race/ethnicity.  Within  each  stratum,  a 
national  probability  sample  was  selected,  but  over- 
samples  of  college  graduates  were  collected  in  the 
black  and  Hispanic  strata  to  compensate  for  the  dis- 
tribution of  educational  attainment.  'Hie  final  analyt- 
ic file  was  weighted  to  reflect  the  I'.S.  population. 


♦  Eurobarometer  38-1:  Continuing  its  20-year 
series  of  biennial  surveys,  the  Commission  of  the 
European  Communities  conducted  a  survey  of 
13,024  adults  in  its  12  member  nadons  in  fall  1992. 
The  interviews  were  conducted  in  person  in  the 
native  language  of  the  respondent. 

♦  Japan  National  Study,  1991.  Sponsored  by  the 
Nadonal  Institute  of  Science  and  Technology  Policy 
(NISTEP),  the  1991  study  was  based  on  in-person 
interviews  with  1,457  adults  aged  18  and  over.  A 
core  set  of  questions  were  designed  to  allow  com- 
parisons with  the  Eurobarometer  studies  and  the 
r.S,  Science  Indicators  studies. 

♦  Data  Availability.  Tlie  Eurobarometer  data  can  be 
obtained  from  Zentralarchiv  fur  Europaische  Social- 
I'orschung,  Koln  Universitat,  Ciermany  (Fax:  49-221- 
476-9444)  and  Institute  of  Social  Research, 
University  of  Michigan,  USA  (Fax:  (l)-313-747-45- 
75).  Datxi  for  all  four  sources  are  available  from  the 
International  Center  for  the  Advancement  of 
Scientific  Literacy,  Chicago  Academy  of  Sciences, 
(Internet:  icasl@mcs.com)  Fax:  (312)  549-5199 
Phone:  (312)  549-0606 


related  to  formal  schooling.  Space  exploration,  while 
depending  on  a  wide  range  of  technologies,  tended  lo  be 
less  salient  to  most  resi)()ndents. 

International  Comparisons.  Looking  at  the  patterns  of 
interest  in  these  same  four  issue  ai*eas  in  Jai)an  and  the 
12  nations  of  the  European  Community,  the  I'nited  Slates 
ranks  ninth  with  regard  to  the  level  of  interest  in  issues 
about  new  scientific  discoveries,  sixth  regarding  the  use 
of  new  inventions  and  technologies,  and  sixth  regarding 
environjnental  issues.  (See  figure  7-3.)  It  ranks  first  in 
the  pr()i)ortion  of  citizens  exi)ressing  a  high  level  of  Inter- 
cast in  new  medical  discoveries.  Vei7  high  levels  of  citizen 
interest  in  all  four  issues  were  found  in  France,  the 
Netherlands,  Italy  and  (ireece.  japan  ranked  last,  or  nc^xt 
lo  last,  in  level  of  citizen  interest  in  all  four  Nvi-T-related 
issue  areas. 

Informedness  on  S&T  Issues 

U.S.  Public.  Despite  their  high  level  of  interest  in  sci- 
ence and  technology',  only  about  I  in  10  American  adults 
thinks  of  him  or  herself  as  very  well-informed  about 
either  new  scientific  discoveries  or  the  use  of  new  inven- 
tions and  technologies.  Since  the  initiation  of  this  ques- 
Q  Mon  series  in  1979,  not  more  than  14  percent  of  Ameri- 

ERIC  -ir. 


can  adults  have  been  willing  to  classify  themselves  as 
veiy  well'infornK^d  on  these  issues.  (See  figure  7-1.)  In 
1992,  only  12  percent  of  American  adults  claimed  lo  be 
ver\'  well-informed  about  new  scientific  discoveries,  and 
only  10  i)ercent  made  this  claim  regarding  issues  on  the 
use  of  new  inventions  and  technok)gies.  A  similar  pro- 
I)ortion  indicated  that  they  were  vety  well-informed  on 
issues  about  the  use  of  nuclear  j^ovver.  Nearly  twice  as 
many  Americans  thought  of  themselves  as  very  well- 
informed  about  new  medical  discoveries  (slightly  over  20 
percent).  'Hiis  lev**l  of  self-reported  knowledgeability  has 
been  stable  since  it  was  first  measured  in  1985. 

The  proportion  of  Americans  who  feel  well-informed 
about  economic  and  business  condition  issues  has  remained 
in  the  mid-  to  upper  20-percent  range  throughout  the 
1980s.  (See  figure  7-1.)  In  1992,  nearly  30  percent  of 
Americans  thought  they  were  very  well-informed  in  this 
area — the  same  proportion  as  in  1981,  a  period  of  intense 
public  discussion  of  economic  issues. 

For  virtually  every  issue  area,  the  proportion  of 
.Americans  reporting  a  high  level  of  informedness  is  signif- 
icantly lower  than  the  proportion  reporting  a  high  level  of 
interest.  Although  the  level  of  interest  in  scientific  and 
technical  issues  has  remained  high,  fewer  than  one  in 
three  respondents  think  of  themselves  as  well-informed 
about  these  sanie  issues. 
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SiCTitlcaiu  (iilYcHMices  in  level  ol  iiilbrnu'dness  cxisi 
amonj^  various  seCTients  oi'  the  public.  Hij^her  proix)!-- 
lions  of  adults  with  more  formal  education  r(»i)<)rie(l  ihai 
ihey  were  vei-y  well-informed  about  new  scitnuific  dis- 
coveries and  space  exploration.  This  pattern  was  not  as 
clear  with  rej^ard  to  issues  on  the  use  of  new  inventions 
and  lechnoloiries.  new  medical  discoveries,  and  environ- 
mental pollution.  (See  figure  7-2.)  in  all  of  tiie  areas 
included  in  the  study,  there  was  a  tendency  for  a  rela- 
tively hij^h  proportion  of  respondents  with  9  years  or 
less  of  formal  schooling  to  claim  to  be  very  well- 
uiformed.  (See  appendix  table  7-:").)  diven  the  results  on 
actual  knowled^^e  tests,  this  hi^di  resi)onse  rate  may  be 
a  retlection  of  not  knowing  enough  about  these  complex 
fields  to  be  able  to  assess  their  own  level  of  knowledge- 
ability  accurately. 

International  Comparisons.  When  adults  from  14 
nations  were  asked  to  at  sess  their  level  of  inforinedness 
in  these  same  four  areas  (new  medical  discoveries,  new 
scientific  discoveries,  new  inventions  and  technologies, 
and  environmental  pollution),  fewer  than  half  of  th()S(^ 
who  claimed  to  be  very  interested  in  each  area  were  will- 
ing to  classify  themselves  as  very  well-informed  in  that 
area.  The  relative  ranking  among  the  nations  changed 
only  moderately.  (Compare  figures  7-3  and  7-4.) 

A  higher  proportion  of  Americans  thought  of  them- 
selves as  very  well-informed  about  new  medical  discover- 
ies than  did  citizens  in  any  other  nation.  'Hie  proportion 
of  Americans  claiming  to  be  very  well-informed  about 
new  scientific  discoveries,  the  use  of  new  inventions  and 
technologies,  and  environmental  pollution  was  higher 
than  the  European  average.  (See  figure  7-4.)  About  1  in 
10  Americans  and  Europeans  thought  they  were  ver\' 
well-informed  about  new  scientific  discoveries  and  new 
technologies.  Generally,  within  the  European 
Community,  higher  proportions  of  French.  Dutch. 
Luxembourg  and  Danish  citizens  thought  of  themselves 
as  w(Ml-informed  across  these  four  areas  than  did  other 
national  groups.  Among  all  countries  studied  and  for  all 
topic  areas.  Japan  had  the  lowest  proportion  of  citizens 
claiming  to  be  veiy  well-informed. 

Attentiveness  to  S&T  Issues 

The  United  States  is  a  pluralistic  society.  Some  individ- 
uals may  have  a  strong  interest  in  economic,  agricultur- 
ah  or  foreign  policy  issues,  and  less  interest  in  issues 
involving  science  or  technology.  Conversely,  other  indi- 
viduals may  follow  s.'C-T  policy  issues  closely,  but  have  lit- 
tle interest  in  agricultural,  housing,  transportation,  for- 
eign policy,  or  other  issues.  It  is  impossible  for  all 
citizens  to  pay  attention  to  every  issue  area.  Tims,  in  this 
competition  for  attention  and  involvement,  it  is  useful  to 
examine  the  levels  of  interest  the  public  devotes  to  sci- 
ence and  technology  and  to  seek  to  identify  those  seg- 
ments of  the  public  that  report  the  highest  levels  of  inter- 
est in.  informedness  on.  and  attention  paid  to  scientific 
^    d  technical  issues- 


Figure  7-3. 

Interest  in  scientific  issues,  by  country:  1992 
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NOTE:  Japanese  data  are  for  1991. 
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Figure  7-4. 

Informedness  on  scientific  issues,  by  country:  1992 
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Citizens  who  display  a  iii.trh  \c\v\  of  inhTCSl  in  an  issue 
area,  who  l)eliev(*  thai  they  an*  well-informed  about  it, 
and  who  display  a  pattern  of  current  information  con- 
suinpiion  ar(*  classified  as  attentive  to  that  issue. - 
Individuals  with  a  W\u:h  level  of  interest  in  an  area,  but 
who  think  of  theins(dves  as  not  bein^  well-informed 
about  that  area,  are  classified  as  members  of  the  interest- 
ed public.  Those  without  a  \\\^\\  level  o^  inten^st  in  an 
issue  area  are  referred  to  as  the  residual  public  in  that 
issue  area. 

Approximately  10  perc(*nt  of  American  adults  (or  about 
IcS  million  individuals)  w?re  included  in  the  allenlive  public 
for  science  and  technolo^)'  policy.  (See  figure  7-1.)  'ITiis 
|)roportion  is  slip^htly  down  from  1979.  Comparatively,  the 
proportion  of  adults  attentive  to  economic  issues  and  to 
new  medical  discoveries  increased  in  the  c^arly  i98()s  to 
sli^^htly  less  than  20  percent  of  the  adult  population  and 
remained  at  that  level  for  the  last  dcrade.  About  one  in  five 
/\mericaris  was  attentive  to  issues  about  environmental  i)ol- 
lution  in  both  1990  and  1992.  (See  appendix  table  7-7.) 

A  I'li^rher  proportion  of  males  was  attentive  to  s^K-T  poli- 
cy than  females,  but  the  difference  was  not  substantial. 
(See  fi^^urc  7-5.)  Interestin^^ly,  attenliveness  to  s.V:'I"  policy 
was  not  si^rnificantly  associated  with  the  level  of  formal 
education  completed. 

These  results  indicate  that  the  pool  of  likely  citizen 
participants  in  a  policy  dispute  involving?  S»S:T  would  be 


■  For  a  Kt^'tttTal  discussion  ol  concept  ol  issue  allcnlivciU'Ss.  '<ce 
.Mniond  (1950),  Koscnau  (1974),  aiul  Milk-r  ( 198:5a). 


Figure  7-5. 
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See  appendix  table  7-8. 
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IhniU'd  U)  aboul  10  pcrccni  (;i  lolal  adull  population. 
Previous  research  suk^^csi^^  thai  only  a  small  proponion 
of  Ihis  ^n-oup  vvoiiUl  likely  be  inol)ili/A*d  lo  i)arlii;ipair 
aciiv(My  in  iho  (l(»bal(^  by  wriliiiK  IcUors  or  calling  legisla- 
tors (Rosenau  1974  and  Miller  h)S:{a). 

Sources  of  Information 

Information  Sources  for  S&T,  (iiven  ilie  pace  ol 
ehan.ue  in  science  and  leclinol().in/.  most  individuals  can- 
ii(,l_in  iheir  adult  roles  as  worker,  consumer,  parent, 
and  citixen— rely  solely  on  the  science  and  nialhenialics 
they  may  have  learned  in  school.  This  section  explores 
the  alternative  soinxes  of  information  the  public  uses 
most  frequently  to  learn  about  new  developments  in  s.vL- 1* 
and  the  trust  citizens  have  in  thest^  sources. 

Television  continues  to  be  the  most  tVequently  used 
information  source.  Ninety-five^  percent  of  American 
respondents  indicated  that  they  v.'alched  at  least  an  hour 
of  television  news  almost  eveiT  day.  Nearly  two-thirtls 
reported  listening*  to  an  hour  or  more  of  news  on  the 
radio  almost  eveiy  day.  On  the  print  side,  percent  of 
adults  rei)orted  that  tliey  read  a  newspaper  almost  every- 
day, while  2<S  percent  read  a  news  ina^^a;iine  regularly. 
Conversely,  only  9  percent  of  adults  reported  that  they 
read  a  science  ma^w.ine  regularly.  This  array  of  results 
l)oints  to  a  hi^^i  level  of  information  consumption  in  both 
the  broadcast  and  i)rini  media  amon^^  American  adults. 
(See  fi^iu'e  7-i\) 


Figure  7-6. 

Public  use  of  selected  information  sources:  1992 
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Figure  7-7. 

Primary  source  of  health  Information:  1993 
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Seventy  ixMvent  of  the  respondents  reported  that  they 
used  a  i)ublic  libraiy  at  least  once  durinit?  the  previous 
year:  42  jxrcent  indicated  diat  they  visited  live  or  more 
times.  Note,  however,  that  although  public  libraries  pro- 
vide access  to  a  wide  array  of  books,  ma^jazines,  and  ret- 
cM'ence  materials,  many  also  lend  out  videotapes  and 
other  kinds  of  entertainment  media. 

Primary  Information  Sources  for  Health  and 
Meu.^al  Topics.  Additional  insij^ht  can  be  gained  on 
how  individuals  obtain  information — and  how  much  they 
trust  those  sources — by  looking  at  data  on  how  the  pub> 
lie  obtains  information  on  health  and  medical  topics.  A 
199!^  study  of  the  public  understanding  of  biomedical  sci- 
ence asked  respondents  to  report  their  primary  source  of 
information  on  hc^alth  and  medical  issues.'  Respond(Mits 
were  also  asked  how  much  they  would  trust  selected 
sources  for  information  about  lu^art  disease  and  for  infor- 
mation concerning  how  to  lose  wei^du. 

Approximately  one-third  of  American  adidts  reported 
that  they  ^?et  most  of  their  health  information  from  televi- 
sion: another  third  reported  that  they  relied  on  either 
newspapers  or  ma^^cizines:  and  a  litde  under  a  sixth  said 
they  got  most  of  their  health  information  from  a  physi- 
cian. (See  fl^,Ture  7-7.)  In  broad  terms,  better  educated 
respondents  reported  greater  reliance  on  print  materials, 
while  less  well-educated  individuals  relied  more  often  on 
television.  There  were  few  differences  between  men  and 
women,  with  men  relying  slightly  more  on  newspapers 
and  women  relying  slightly  more  on  magazines. 

When  asked  how  much  they  would  [nisi  information 
from  each  of  these  sources  on  two  different  health  topics 
(heart  disease  and  weight  loss),  major  differences 
emerged.  Individuals  reported  that  they  had  more  confi- 
dence in  information  on  heart  disease  from  each  source 


'Hie  WBW  study  oi  [hv  public  undtTsUmdin^  of  biomedical  concopls 
was  supported  by  tlic  National  Institutes  of  Health  in  cooperation  with 
the  National  Science  Foundation.  A  more  complete  description  of  the 
study  is  included  in  "Primary  i-)ata  Sources." 
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Figure  7-8. 

Public  trust  in  various  health  information 
sources:  1992 
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than  tlu^y  would  have  in  iiit'onnation  from  that  saino 
source  coiKXTuin^^  losintr  w(mk1iI.  (Sec  li^urc  7-S.)  A 
hxr^c  sctxmont  of  iho  public  ai)parciuly  has  little  coull- 
donee  in  weip^ht  loss  iiiforuialioii.  i)()ssibly  refleclin^  the 
coiiiiiieiTializatioii  of  this  topic  and  the  frequent  media 
promotion  of  special  diets. 

Within  each  subject  area.  Americans  reported  major 
differences  in  tin  k^vel  of  confidence  in  information  by 
source.  (Sec*  fi^nre  7mSJ  About  three-ciuarters  (»f  the 
respondents  rei)orted  a  hi^h  level  of  confidence  in  infor- 
mation from  a  physician  concerning  heart  disease;  such 
confidence  was  expressed  by  only  12  percent  for  infor- 
mation on  this  topic  provided  on  a  television  talk  show.  A 
similar  pattern  of  trust  was  reported  for  information 
about  wei^^ht  control  or  loss,  except — as  noted  above — 
the  overall  level  of  confidenc(^  was  lower.  Thus,  nearly  70 
})ercent  of  respondents  rc^portc^l  that  they  would  have  a 
hifrh  level  of  confidence  in  weight  loss  infonnation  from 
a  physician,  and  fewer  than  10  percent  would  tnist  infor- 
mation from  a  television  talk  show.  A  very  small  propor- 
tion of  respondents  repoiled  a  hif^h  level  of  confidence 
for  infonnation  from  a  local  newspaper. 

In  ^^eneral.  better  educated  respondents  were  more 
likely  to  tmsl  information  from  the  National  histitutes  of 
Health  (NIH)  or  a  scientist  than  were  less  well-educated 
individuals.  Respondents  with  less  formal  education 
were  more  likely  to  trust  information  from  a  television 
news  or  talk  show  than  were  better  educated  individuals. 
There  were  no  substantively  important  differences  in 
id   information  trust  between  men  and  women. 

ERIC 


Lotjkin.u:  ai  the  data  in  terms  oi  priincny  health  inlormn- 
lion  source  reveals  some  intercslin.t(  insights.  (See  text 
table  7-1.)  For  the  topic  ol'  heail  (liseas(^  only  those  adults 
who  cited  their  physician  as  their  primary  source  n^ported 
a  hij^h  lev(^l  of  conlldcMice  in  their  primary  health  infonna- 
tion source.  Ajnon;?  those  citing  television  as  their  piimar\' 
health  information  source,  only  a  third  had  a  h\^h  level  ol 
confidence  in  inlorinalion  Irom  a  television  ik^ws  show, 
[Hul  only  about  a  sixth  do  pcMrent)  had  a  hi.t^h  level  of 
confidence  in  information  from  a  television  talk  show. 

About  half  of  the  respondents  who  cited  magazines  as 
tlieir  j)rimary  health  information  source  indicated  that 
they  would  have  a  high  level  of  confidence  in  heai1  dis- 
ease infonnation  obtained  from  a  ma.u:azine  like  Time  or 
Scwsiveek.  In  contrast,  amonj^  those  adults  who  reported 
that  they  relied  on  newspapers  as  their  primaiy  health 
information  source,  only  Hi  perc(MU  indicated  a  hij.{h 
level  of  cont'idcMice  in  heart  disease  inl'ormation  j)ub- 
lished  in  their  local  newspaper. 

fhe  level  of  conlldence  in  information  about  w(M.irlit 
loss  was  si.u:nillcantly  lower  than  the  level  of  confidence 
in  inl'ormation  about  heart  disease,  regardless  ol  the 
information  source  or  the  specific  medium.  As  sug^J:est- 
ed  above,  it  is  likely  that  this  result  reflects  the  more*  sci- 
entific and  "credible"  charactcM'  of  heai1  disease  informa- 
tion and  the  more  commercialized  approach  to  weight 
loss  in  most  media.  Moreover,  it  demonstrates  that  most 
segments  of  the  public  make  some  distinctions  about  the 
credibility  of  health-relati^d  information  sources. 

Attitudes  Toward  S&T 

Within  these  patterns  of  issue  interest,  informedness. 
and  information  acquisition,  it  is  important  to  understand 
the  atutudes  of  .Ajuericans  toward  science  and  technology 
in  general  and  toward  some  current  policy  issues.  The 
preceding  indicators  of  interest,  informedness.  and  infor- 
mation acquisition  have  been  content  neutral.  I'^or  exam- 
ple, some  respondents  who  reported  a  high  level  of  inter- 
est in  new  scientific  technologies  or  the  use  of  new 
inventions  and  technologies  may  hold  very  positive  atti- 
tudes toward  organized  science  or  toward  specific  science 


Text  table  7-1 . 

Trust  in  health  information,  by  primary  source  of 
information:  1992 
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policy  issues,  while  niluM'  iiulividiials  rcporiiiiK  \\\r  sainc 
level  ol  itileresi  may  hold  iieiiaiive  or  opposiii.u  ailiuides. 
Analysis  ol  ihese  dil'ferences  can  lu»lp  in  un(l(M'slaiuliii.i!: 
lh(*  landseaiH'  ol  jniblie  inleresl  and  intoniiediK^ss.  as  well 
as  ill  .^raspiim  ihe  siibsiaiice  ol  die  ])ul)lic*s  lliinkiii.i!:  aboiU 
sei(»iice  and  leelmolojiry. 

This  seclion  Ionises  on  \\\c  pattern  ol  lieiieral  altitudes 
loward  science  over  \'vcc\)\  decades  and  examines  the  dis- 
iribiilioii  ot  alliliides  anioiij.!:  selected  se.uniciits  ol  llie  inii)- 
lic.  Heyond  broad  KciKM'al  altitudes,  this  section  exaniiiu'S 
])iiblic  expcvlatioiis  about  liiliire  oiilconies  ot  s.^c  r.  ciiiTeiii 
assessment  ol'  the  btMu^lUs  and  risks  ol'  scirntillc  reseairli. 
and  prelereiices  re.trardiim  Koverniiieiit  spcndiim  lor  s^-  l . 

General  Attitudes  Toward  S&T 

U,S.  Public.  Periodic  surveys  of  public  attitudes 
toward  orijaiiized  science'  over  the  last  (loca(l(^  indicate 
that  most  Americans  coiUiiuie  U)  hold  a  positive  view  ol 
science  and  tecdinolo.^y.  A  lour-itcni  scale  r(M'leclin.u 
general  attitudes  loward  s\'  r.  rclerred  to  as  the  Altitude 
Toward  Organized  Science  Scale  (Aioss).  shows  a  posi- 
tive stable  attitude  loward  ori^anizcci  science  over  the 
last  decade.  (Se(» \vx\  table  7-2.)  Indivkluals  with  hi^dicr 
levels  of  formal  education  tended  to  hold  luore  ])osilive 
views  of  or.uaniz(Hl  science  than  (lid  k^ss  weU-educated 
respondents.  Siniilariv,  a  liiRhcr  ])roportion  of  citizens 
who  w(M-c  altciilive  to  nK:1  policy  held  more  positive^  atti- 
tudes. P>y  U)l)?>.  there  were  no  (iilTereiic(^s  in  tht^  atti- 
tudes ol  men  and  women  toward  ortjanizcd  science. 

International  Comparisons.  A  lii.i^licr  proporiioii  of 
Americans  hold  positive  attitudes  toward  science  and 
lt'chnolo.uy  than  do  the  cilizcMis  of  Japan  and  the 
Kuroi)ean  C(/mmunity.  Wliile  over  SO  percent  of  both 
Americans  and  luiropcai.s  aj^reed  that  s.v  r  are  inakiii^^ 
"our  lives  heallhier.  easier,  and  mor(»  comfortable/* 
fewer  Americans  CIS  percent)  thought  it  made  "our  way 
of  life  chaii^xc  loo  fast."  compared  to  the  majority  of 
Kuropean  Community  (55  percent)  and  Japanese  (S? 
percent)  respondents.  (See  appendix  table  7-1  k) 

When  asked  to  assess  the  impact  of  computers  and 
facloiT  automation  on  the  creation  of  new  jobs.  Japanese 
r(^sidents  wvvc  the  most  optimistic,  with  4!^  percent 
a^^reeiuK^  that  computers  and  automation  would  create 


'"Oriranizrd  m-u'iui-"'  n-iVrs  lo  llu-  lolal  scirmific-  aiul  ciiKiiu'ciiiiK' 
(.■(Hiinuiiiiiy.  Il  a  >lu)ilhaiul  irlVri'tuT  that  sliniild  hv  inleiprclcd  lo 
iiuiuflc  v;d(>nli>is.  ciiuIiuhts.  and  rclalcd  support  iXTSonnrl  and  ihe 
insliiulions  in  which  ihcy  work. 

Siibsianli\cK.  lli<-  lour  iifins \n  ihc  \lo^^  Scale  cowv  M)mi-  impnr- 
lant  aspccis  ol  K<-'iH"ral  auitiides  loward  orKaiUA'd  scii'ticc.  Six'citically. 
rrspondi'iils  arc  asked  lo  read  lo  ihr  slalenu'iils  "scit'tu-c  atul  U-chnol- 
o^y  arc  iiiakini:  our  lives  hcallhit'r.  <'asicr.  and  more  coinlorlablc"': 
•science  niak<'s  our  way  ul  lil"c  chan,i:e  loo  tasi":  and  "wc  di-pcnd  too 
nuich  oil  science  and  nl)l  enou.irh  on  laiih."  Hie  Umrth  coniponcni  on 
ihc  scak.'  asks  respondenls  lo  make  a  relative  judumenl  about  ihe  ben- 
i-llls  and  poienlial  harms  of  scieiuilic  research.  Tlie  scale  score  is  cal* 
culaled  by  couniinK  ihe  number  ol  responses  that  represent  a  p(Jsilive 
assessnuMil  (jf  orjjanized  science,  llie  scale  ran^^'s  from  0  to  4.  Hie 
vahie  ol"  usinir  a  scak*  is  that  il  reduces  resixMise  em)r  and  provides  a 
more  accurale  I'siimale  lhan  would  useot  any  one  item  alone. 


Text  table  7-2. 

Mean  scores  on  the  Attitude  Toward  Organized 
Science  Scale 

1983    1985    1988    1990  1992 

All  adults                        2.3      2.5      2.7      2.6  2.7 

Males                             2.2      2.4      2  6      2.5  2.7 

Females                         2.5      2.6      2  8      2.8  2.6 

Less  than  high  school 

degree                         1  8      1  8      2.2      1.8  2.0 

High  school  degree  .        2.4      2.6      2.8      2.7  2.7 

College  degree                 2.8      3.1      3.2      3.2  3.2 

Graduate/protessional 

degree                        2.9      3.1      3.1      3.2  3.3 

Attentive  public                 2.6      2.8      3.0      2.8  2.9 

Interested  public               2.4      2.6      2.8      2.7  2.8 

Residual  public                  2.1       2.3      2.5      2.5  2.5 

NOTE.  Data  represent  mean  scores  on  a  scale  of  four  items 

See  appendix  table  7-1 3.       Science  <5i  Engineering  Indicators  -  i993 


move  jobs  than  they  would  cliiiiinalc.  In  coiitfasl.  only 
l)(M-coni  of  liuropcan  adults  sliarod  that  view.  Ainon.u 
AnicM-icans.      i)(M-aMit  a^n^i'd  that  inoi'c  jobs  would  he 
civatc'd  than  eliminated. 

Confidence  in  Institutional  Leadership 

()v(T  the  last  20  years,  the  (leneral  Social  Suii/ey  (dss) 
has  asked  national  samples  oC  American  adults  to  rate 
their  confidence  in  the  leadershi])  ol'  major  national  institu- 
tions." C()nsist(MUly  over  this  period,  the  leadership  of 
medical  and  scientific  conuiumities  has  been  amon^  the 
most  trusted  in  the  nation— mon^  so.  for  exa.nple.  than  the 
leadership  of  the  Supreme  Court.  (See  figure  7-9.)  In  \WX 
ai)proximat(*ly  -in  i)ercent  of  American  adults  (^x|)resse(l  a 
hi^h  lev(»l  of  confidence  in  the  leadershii)  of  these  commu- 
nities, a  sli^dit  increase  over  the  :^>7-percent  level  in  UHK). 

'Hie  public  lends  to  regard  the  leadership  of  the  press 
and  of  television  with  a  relatively  low  level  of  C()nfidenC(\ 
In  the  context  of  the  above  analysis  of  information  sources 
and  public  confidence  in  them,  these  results  su^K^'St  that 
there  is  a  broad  and  continuin.^  low  level  of  tiiist  of  televi- 
sion and  of  newspai)ers  and  other  pi'int  media.  The  relative 
levels  of  confidence  repoi1(^d  re^^^ardin.i^  heart  disease  and 
wei^dit  loss  may  rellect  a  more  generic  distrust  of  media. 

Attitudes  Toward  the  Work  of  Scientists 

While  the  public  generally  holds  positive  attitudes 
toward  the  leadership  of  organized  science  and  loward 
or^^anized  science  as  an  institution,  they  hold  mixed 
views  of  the  woi'k  of  scientists.  (See  lljjure  7-10.)  In  1992, 


Since  1^)72,  the  National  Opinion  Roscaivh  Center  at  the  Tnivcrsity 
of  Cliiea.i^o  has  eondiicied  a  national  sun'ey  of  social  attitudes,  rclerred 
to  as  Ihe  General  Social  Survey,  fsinu  personal  interviews,  the  (.ss  lias 
collected  data  iVom  a  national  probability  sample  of  approximately 
1,. '■)(){)  individuals  annually  or  biennially.  See  Davis  and  Smilli  {VMM. 
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Figure  7-9. 

Public  confidence  in  leadership  of  selected 
institutions 
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nearly  pcircni  ol  Aiiu'ricaiis  HioiiLjhl  thai  scMciiiisls 
"want  lo  work  oii  lhintj:s  thai  will  make*  life  hvncv  lor  llu' 
avt'ra.i^c  i)t'rson."  However,  over  f)!)  iK'iveiil  agreed  with 
the  siaienieni  iluil  "many  sciemisis  make*  up  or  falsify 
research  results  to  advance  their  careers  or  make 
money."  "Fhe  lendcMicy  to  believt*  that  many  scientists  lal- 
sify  results  was  only  j)artially  otlsel  ))y  a  reco.i^nition  that 
the  scienlillc  tradition  re|}eatin^  oilier  st'iemists'  work 
I)rovi(les  a  check  on  I'raud  or  cheating. 

OvtM'alK  belter  educated  respondents  wei'e  more  likely 
to  concur  that  traditional  n^x^ition  and  eheckin.i^  will 
rletect  and  [)revenl  h*aud  and  less  likely  to  a^ree  that 
many  scientists  I'alsit'y  research  results.  And  api)roxi- 
maieiy  80  i)erc(MU  ol'  all  adults — regardless  o\  sex  or  edu- 
cation level — agreed  that  most  scientists  want  to  work 
on  things  that  will  benefit  lh(^  average  person. 

Expectations  for  S&T 

\Mien  asked  to  think  about  the  likelihood  ol  kiturc*  sci- 
entific achievements,  Americans  display  buih  optimism 
and  pessimism,  (Set*  fi^^ure  7-1 1,)  l'\)r  example. 
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NOTE:  The  survey  was  not  conducted  in  1 979  and  1 981 .  ana  the 
question  was  not  asked  in  1985 
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Figure  7-10. 

Public  attitudes  toward  scientists:  1992 
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NOTE-  See  appendix  table  for  exact  wording  of  statements. 
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Figure  7-1 1 . 

Expected  results  from  science  and  technology:  1992 
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NOTE-  See  appendix  table  for  exact  wordings  of  statements 
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♦  4')  pcMXTiU  of  '\inencans  ihink  lhal  medical  scien- 
tists will  find  a  cure  for  the  comm(jn  forms  of  can- 
cer within  the  next  25  years,  40  pcTcenl  anticipate 
the  development  of  a  vaccine  for  AIDS,  and  44  per- 
cent expect  thai  new  medical  technologies  will  be 
developed  to  extend  the  avera.G:e  lifespan  to  90  or 
more  years  in  the  United  States;  but 

♦  nearly  half  expect  a  major  nuclear  power  plant  acci- 
dent within  the  next  25  years,  half  think  that  there 
will  be  *'a  signitlcant  deterioration  in  the  quality  of 
our  environment"  over  the  next  quarter  century, 
and  a  quarter  think  it  is  very  likely  that  a  "danger- 
ous manmade  organism"  will  be  released  into  the 
environment  accidentally  in  the  next  25  years. 

Clearly,  most  Americans  expect  a  mixture  of  beneficial 
and  harmful  results  from  science  and  technoloKV. 

Consistent  with  the  previous  results,  individuals  with 
hiirher  levels  of  formal  education  were  more  likely  to 
anticipate  posifive  results  from  sci(Mice.  But  there  was 
no  si.unificant  difference  by  level  of  education  in  the 
expectation  of  a  nucU  ar  power  plant  accident  or  the 
deterioration  of  the  environment.  There  was  a  weak 
relationship  between  the  level  of  education  and  the 
expectation  of  the  release  of  a  dangerous  manmade 
organism,  but  this  may  be  a  reflection,  in  part,  of  a  dif- 
fereniial  level  of  understanding  of  the  concept  of  a 
"manmade  organism."- 

Impact  of  S&T 

In  1985  and  1992,  national  sa.nples  of  individuals  were 
asked  to  assess  whether  ^.VT  had  a  positive,  negative,  or 
no  impact  on  several  aspects  of  the  quality  of  life. 
Comparing  the  results  from  these  two  surveys  reveals  a 
ver\^  positive  attribution  to  science  and  technology  of  a 
high  standard  of  living,  improved  working  conditions, 
improved  public  health,  and  an  increased  enjoyment  of 
life  by  individuals.  (See  figure  7-12.)  Even  in  the  case  of 
world  peace,  a  plurality  of  respondents  in  both  years 
thought  that  the  contribution  of  ScV-T  had  been  more  posi- 
tive than  negative;  this  margin  of  difference  increased 
between  1985  and  1992. 

Individuals  with  higher  levels  of  formal  education 
tended  a)  hold  more  positive  views  of  the  contribution  ot 
science  and  technology  to  the  quality  of  life,  possibly 
reflecting  qualitative  differences  in  quality  of  life  experi- 
ences by  the  different  education  strata  in  American  soci- 
ety.  There  were  no  significant  differences  between  the 
assessments  of  men  and  women  on  s^S; T's  impact  on  the 
quality  of  life,  and  there  were  no  differential  changes 
between  1985  and  1992. 


Note  loo  that  these  data  were  colifctod  before  lh(^  movie  "Jurassic 
\\\rk"  was  released,  and  so  arc  unlikely  lo  relied  the  ^'enetic  en^Mneer- 
I  concerns  popularized  by  the  book  and  movie. 


Figure  7-12. 

Impact  of  science  and  technology  on  quality  of 
life  issues:  1992 


Percent 
100 


Percentage  of  public  saying  that  science  and 
technology  has  a  positive  or  negative  impact  on  . 
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Standard      Public       General     Enjoyment  World 
of  living       health       working        of  life  peace 
conditions 

3  Positive  impact  Q  Negative  impact 

See  appendix  table  7-1 7.        Sc/ence  &  Engineering  Indicators  -  1J93 

Assessment  of  Benefits  and  Costs 

U.S.  Public.  Most  Americans  bc^licvc^  that  science  and 
lechnoloj^y  have  produced  both  desirable  and  undesir- 
able results,  and  expect  these  mixed  results  to  continue. 
The  public  altitude  studies  conducted  for  Science  & 
Engineering  Indicators  since  1979  have  asked  national 
samples  ol  Americans  to  determine  whether,  on  balance, 
the  results  have  been  more  beneficial  or  harmful.  'Ilieir 
responses  indicate  that  at  least  7  of  10  Americans  have 
concluded  that  the  balance  has  favored  beneficial  results 
throughout  this  period.  (See  figure  7-i:i)  Fewer  than 
one  in  tlve  Americans  reached  the  opposite  conclusion 
during  this  14-yoar  period. 

Seventy-three  percent  of  all  adults  in  1992  concluded 
that  the  benefits  of  scientific  research  outweighed  its 
harmful  consequences;  better  educated  respondents 
were  more  likely  lo  assess  the  balance  as  strongly  favor- 
ing beneficial  over  harmful  results,  lliis  finding  may  indi- 
cate that  more  exposure  to  education  or  to  science  and 
mathematics  results  in  a  more  positive  assessment  of  the 
net  benefit  of  s.^T  to  society. 

International  Comparisons.  In  comparisons  with 
other  industrial  nations,  residents  of  the  United  States 
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:\\'r  \hr  most  likcK'  lo  coiKiudc  lhal  the  btMiclils  ol  <c\v\v 
lil'ic  rcscarcii  have  outwcitjiuHl  any  actual  or  })()Ssil)lo 
harm,  ibllowcd  l)y  those'  ol'  DtMunark.  Si)aiii.  aiul  iM'aiicc. 
(Ser  llixuir  7-M.)  japancsr  citiztMis  wcw  ihv  k^ast  lik(*ly 
to  l)('U('vt'  that  the  btMU'l'ils  ouiwtM.Lrhi'(l  liic  i)ossil)U' 
harms,  with  only  40  i)C'rccMU  of  Jai)ancs('  rt'S})()!uit'!its 
holdiiitr  that  view. 

Attitudes  Toward  Government 
Spending  for  S&T 

AiiotluM*  estimate  ol"  j)iiblic  attitudes  toward  science  and 
lechnoloi^y  can  be  obtained  by  asking  respondents  to 
assess  .u'oveninient  S|)endin.i^  for  various  kinds  ol'pro^'ams. 
SitKx*  lew  ciiiz(»ns  have  a  clear  understanding  ot  what  the 
actual  LTovenirnent  expenditures  are  for  si)ecir!C  pro^'ains. 
the  results  of  in(|uiries  about  i^overnment  spendinji:  shouki 
be  taken  as  a  .i^eneral  indicator  of  the  importance  that  a 
resi)()n(lent  attaches  to  vaiious  pro.trrams." 

Over  the  last  dt^cade.  1)1  j)ercent  of  those  sur\'eye(l 
rep()rt(^d  that  they  think  the  .trnvernmenl  is  si)en(lin,^  loo 
little  on  scientific  research,  while  fewm*  than  20  perc(Mil 
indicated  that  the  .government  is  spendinp^  too  much.  (See 
fi.tjure  7-ir).)  A  near  majority  of  .'\mericans  think  that  the 


ior  a  varirty  ol  reasons — iiu  liidinii  thr  im;nit,Mi>K-.  ai)^lraci  luilurr 
ol  till'  lariat'  ^uins  invoivt-d  in  irdcral  l>u(lLrt'is — only  in  the  ran-st  t>t" 
t*ascs  (loi'>  a  sum-y  rr^ponso  rcprcst'nt  a  ri'al.  intornictl  i)iifl.^i'iary 
iii(itrinctu. 

Figure  7-13 

Assessments  of  scientific  research  over  time 


level  of  .i^oveniineni  suj)pon  lor  scientific  research  is"aboul 
r^Lrht."  Individuals  with  hiirli  levels  of  foniial  education  and 
.nose  who  are  attentive  lo  x^T  policy  were  more  likely  to 
think  that  the  government  is  spendinj^  too  little  for  scien- 
tific research.  (See  appendix  table  7-20.) 

In  coniparisoiK  a  sul)sianlial  majority  of  Americans 
reported  in  that  they  thou^iu  the  i^overnment  was 
spending  too  little  on  improvinjr  c'ducalion  (SI  i)ercenlj, 
improvin.i?;  health  care  (7^'  percent),  helping  older  persons 
(73  percent),  reducing  i)()llution  (72  i)ercent).  and  heli)i!i,t^ 
low-income  j)eople  (r)(S  i)ercent).  Forty  percent  of 
/Vmericans  thought  that  the  Kt)vernmcnt  is  spendin.u:  loo 
much  on  defense:  about  oO  pei*cent  thought  the  .l^ovorn- 
ment  was  si)endinu  too  much  on  si)ace  exploration.  Taken 
as  indicators  of  support  rather  than  as  fundinp^  jud^mients 
per  se  (see  above),  these  results  su^Rcst  that  most 
Atncricans  favor  continuing  the  present  levels  of  support 
for  scientitlc  rest^arch  and  an  increased  emi)hasis  on  edu- 
cation, health,  and  related  social  protrramminj^. 

Public  Understanding  of  Science 

In  many  nations  throu.tjhout  the  world,  there  is  broad 
agreement  that  economic,  social,  and  political  advan- 
tap:es  exist  in  increasin^^  the  proportion  of  the  i)opulation 
that  is  scientifically  literate  (Miller  U)83b).  Setting  aside 
the  construction  of  a  single  definition  of  scientific  litera- 
cy, it  is  useful  to  look  at  the  level  of  public  understandin.c: 
of  major  t(M'ms  and  concepts  in  basic  science,  in  bio- 
medicine,  and  in  ecoloj^\*. 
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NOTES:  Survey  was  only  conducted  in  years  shown.  Data  reflect 
responses  of  people  saying  that  benefits  (harms)  exceed  or  strongly 
exceed  harms  (benefits). 

See  append'x  table  7-18 
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Figure  7-14. 

Assessments  of  scientific  research, 
by  country:  1992 
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Percentage  of  public  saying  that  benefits  of  scientific 
research  are  greater  than  its  harmful  results 

NOTE:  Japanese  data  are  for  1 991 . 

See  appendix  table  7-14.       Science  &  Engineering  Indicators  -  1993 
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Figure  7-15. 

Preferences  for  government  spending:  1992 


Government  is  spending  too  Uttle  on  . 


Government  is  spending  too  much  on  . 
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NOTE.  See  appendix  table  for  exact  wordings  of  statements. 
See  appendix  table  7-19  and  7-20. 
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Understanding  of  Scientific  Terms  and 
Concepts 

The  process  of  information  acquisition  in  today's 
world  requires  citizens  to  be  able  to  read  about  current 
developments  in  science  and  technology'.  One  prerequi- 
site for  effective  information  acquisition  about  SwVi*  is  the 
possession  of  a  basic  vocabulary  of  scientific  terms  and 
concepts.  The  1992  Science  &  Engineering  Indicators 
study  included  a  set  of  questions  on  basic  scientific 
terms  and  concepts  to  use  in  understanding^  key  aspects 
of  the  our  world.  (See  fi^iure  7-l(^.) 

U.S.  Public.  A  substantial  majority  of  Americans 
understood  that  oxygen  comes  from  plants,  that  the  cen- 
ter of  the  earth  is  very  hot.  that  continents  move  on  the 
surface  of  the  Earth  (i.e.,  plate  tectonics),  that  light  trav- 
els faster  than  sound,  and  that  all  radioactivity  is  not 
manmade.  However,  fewer  than  half  of  the  respondents 
knew  that  the  earth  travels  around  the  sun  once  a  year 
or  that  electrons  are  smaller  than  atoms:  about  the  same 
proportion  did  not  accept  the  idea  of  evolution.  Wliile  the 
responses  indicate  some  understanding  of  the  planet,  a 
majority  of  adults  apparently  do  not  understand  the 
nature  of  the  solar  system  or  the  origins  of  stars  or 
galaxies.  The  American  understanding  of  science  is. 
indeed,  rather  earthbound. 

International  Comparisons.  The  United  States 
ranked  in  the  top  third  of  the  countries  from  which  data 
are  available  on  public  understanding  of  scientific  terms 
and  concepts.  Using  a  set  of  12  items  to  gauge  public 
understanding,  the  United  States  ranked  fourth,  trailing 
^)"?nmark«  the  United  Kingdom,  and  France.  (See  figure 


7T7.)  Across  the  12  items.  U.S.  respondents  had  a  mean 
percentage  correct  of  58  percent,  compared  to  55.5  per- 
cent lor  the  European  Community. 

In  the  1991  Japanese  study,  only  of  these  12  items 
were  asked.  (See  appendix  table  7-22  for  the  exact  com- 
ponents of  the  iy  and  12-item  scales.)  A  similar  mean 


Figure  7-16. 

Knowledge  of  basic  scientific  terms 
and  concepts:  1992 


The  oxygen  we  breathe 
comes  from  plants 
The  center  of  the 
earth  is  very  hot 

The  continents  are  moving  slowly 
about  on  the  face  of  the  earth 
Light  travels  faster 
than  sound 
At!  radioactivity  is 
not  manmade 
The  earth  goes  around  the  sun 
once  each  year 
Electrons  are 
smaller  than  atoms 
The  earliest  humans  lived  at  the 
same  time  as  the  dinosaurs 
The  universe  started 
with  a  huge  explosion 

Lasers  are  not  composed 
of  sound  waves 
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See  appendix  table  7-2 1 .      Science  ana  Er)gtneering  Indicators  -  1993 
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Figure  7-17. 

Knowledge  of  basic  scientific  terms  and  concepts,  by  country:  1992 
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NOTES:  Respondents  demonstrated  thetr  understanding  of  6  orl2  basic  scientific  and  technical  terms  and  concepts  (see  appendix  table  for  exact  question 
wording);  data  reflect  mean  percentage  correct  for  respondents  within  each  country.  Japanese  data  are  for  1991;  no  data  are  available  for  Japan  on  the 
12-item  scale. 

See  appendix  table  7-22.  Saence  &  Engmeenng  Indicators  -  1993 


perccnia^^e  correct  score  was  calculated  for  all  14  coun- 
tries on  these  six  items.  On  this  shorter  index,  the 
United  States  ranked  fifth.  follovvin.L^  Denmark,  the 
United  Kin^^doni.  France,  and  the  Netherlands.  Japan 
ranked  12th  on  this  scale,  with  a  mean  percentage  cor- 
rect of  4 1  percent. 

Understanding  of  Biomedical  Terms 
and  Concepts 

To  understand  public  policy  discussions  and  to  make 
decisions  concerning  personal  health,  it  is  increasingly 
useful  for  an  individual  to  understand  basic  genetic  and 
biological  concepts.  A  1993  national  study  cosponsored 
by  MH  and  NSF  asked  respondents  about  a  set  of  basic 
biomedical  terms  and  concepts.  The  results  indicate  a 
generally  higher  level  of  comprehension  than  the  pre- 
ceding set  of  scientitlc  terms  and  concepts,  but  there  are 
still  important  areas  of  misunderstanding. 

Over  SO  percent  of  adults  understood  that  not  all  bac- 
teria are  harmful  to  human  beings,  and  77  i)ercent  recog- 
nized that  the  human  immune  system  can  protect  indi- 
viduals from  both  viruses  and  bacteria.  (See  figure  7-liS.) 
Previous  Science  ^  Engineering  Indicators  studies  found 
that  only  35  percent  of  .Ajnerican  adults  knew  that  antibi- 
otics do  not  kill  viruses. 

About  75  percent  of  Americans  knew  that  human  intel- 
ligence is  not  related  to  the  size  of  the  brain,  and  63  per- 
cent thought  that  the  process  of  evolution  is  conUnuing 
presently.  This  latter  response  is  confusing,  since  only 
41  percent  of  respondents  in  the  same  1993  study  indi- 

O 


cated  that  they  thought  human  beings  had  developed 
from  earlier  species  of  animals.  In  any  case,  these  results 
suggest  that  there  exists  a  substantial  level  of  confusion 
in  the  public  about  the  scope  and  nature  of  evolution. 

Six  of  ten  Americans  thought  that  DNA  regulates  inher- 
ited characteristics  in  both  plants  and  animals,  but  in  a 
separate  oi)en-ended  question  about  the  meaning  of  D.N'A. 
oniy  20  percent  of  respondents  could  provide  a  response 
that  included  the  regulation  of  heredity.  In  the  open- 
ended  format,  an  additional  20  percent  could  link  DNA  to 
the  words  "gene"  or  "chromosome,"  but  it  was  unclear 
from  the  total  response  whether  they  understood  the 
linkage  to  inheritance.  From  these  results,  it  appears 
that  an  increasing  proportion  of  Americans  are  becom- 
ing familiar  with  the  term  DNA  and  the  concept  of  genetic 
control  of  inherited  characteristics,  but  that  many  adults 
are  still  confused  about  these  concepts. 

Understanding  of  Environmental  Terms 
and  Concepts 

As  governments  struggle  to  understand  and  cope  witii 
environmental  issues — from  the  thinning  of  the  ozone 
layer  to  the  pollution  of  the  oceans — it  will  be  important 
for  a  significantly  large  segment  of  the  public  to  under- 
stand both  the  nature  of  environmental  problems  and 
the  available  public  policy  alternatives.  In  this  context, 
the  1992  Science  ^  Engineering  Indicators  study  included 
a  set  of  questions  to  measure  the  understanding  of 
selected  environmental  terms  and  concepts.  (See 
"F:nvironmental  Interest  and  Knowledge  in  the  Kuropean 
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Community  anci  the  L'nited  Stales"  for  internaiional  com- 
parisons in  this  area.) 

'IIk'  results  01"  the  U)92  >\udy  point  to  substaniial  ,uaps 
in  the  public  understanding  of  environmental  science  con- 
cepts. When  asked  in  an  open-ended  fonnat  to  explain  the 
causes  of  acid  rain,  only  8  percent  of  American  adults 
could  provide  a  minimally  correct  response  and  an  addi- 
tional :')  percent  could  provide  some  general  desciiption  ot 
its  effects.  (See  figure  7-19.)  Nearly  40  percent  refen'ed  to 
acid  rain  as  a  form  of  pollution.  Init  could  provide  no  addi- 
tional details  about  its  origins  and  consequences. 

A  larger  proportion  of  the  public  was  able  to  demon- 
strate a  minimal  understanding  of  the  thinning  of  the 
ozone  layer.  \Mien  asked  a  series  of  open-ended  ques- 
tions ab()ut  the  thinning  of  the  ozone  layer.  L^5  percent  of 
American  adults  could  provide  a  minimally  acceptable 
explanation  for  the  thinning  of  the  layer.*'  and  42  percent 
were  ai)le  to  describe  C{)iTectly  some  of  its  harmful  con- 
sequences. (See  figure  7-19.)  However.  {)nly  7  i)ercent  of 
respondents  could  correctly  identify  the  location  of  the 
major  thinning— or  hole— in  the  ozone  layer. 

"Corrccr'  ill  iliis  ca>;c  rrlors  io  iho  ability  to  describi'  corroclly  ihe 
roles  ol  chlorolluorocarbons  II  I  t  or  clilorint'  aionis  in  lln'  process  o! 
t  ivaiifiK  ilu-  iioU'.  <K'  ilu-  ability  Us  iticniilV  ihe  urhiiolouio— aerosol 
>prays.  n-(riuc'rani>.  and  siyroUjan^  nianulacuirinu— ihai  rcU-nse  niosi 
olthotKs. 


When  asked  a  series  of  true-false  questions  about 
(Mwironmental  issues.  73  percent  of  adults  agreed  that  a 
hole  in  the  ozone  layer  would  cause  skin  cancer,  and  89 
percent  agreed  that  acid  rain  would  damage  forests. 
Forty-five  percent  agreed  that  the  greenhouse  effect 
could  raise  the  level  of  the  oceans.  But  only  l(i  percent 
recognized  that  car  exhaust  fumes  do  not  contribute  to 
the  acid  rain  problem. 

These  results  point  to  a  high  level  of  ixiblic  eoncern 
about  the  environment,  albeit  with  certain  significant 
misunderstandings  about  basic  terms  and  concepts.  Acid 
rain  appears  to  be  seen  as  a  negative  phenomenon  asso- 
ciated with  pollution,  but  it  is  poorly  understood.  There 
is  a  reasonably  high  level  of  awareness  of  the  health  dan- 
gers entailed  by  a  thinning  of  the  ozone  layer,  but  there 
is  less  understanding  of  its  causes  or  location. 

Understanding  of  the  Scientific  Approach 

Several  Scirnce  and  Engineering  Indicators  studies  have 
included  items  concerning  ilie  understanding  of  the  scien- 
lilic  process.  Both  the  1992  Science  and  Engineeriuf^ 
Indicators  study  and  tlie  1993  NIH-NSI-  study  included 
questions  probing  knowledge  in  this  area.  Each  respon- 
dent was  asked  to  define  the  meaning  of  a  scientific  study; 
these  open-ended  resi)onses  were  coded  independently. 


Figure  7-18. 

Knowledge  of  biomedical  terms  and  concepts:  1993 


All  bacteria  are  harmful 
to  humans 

The  human  immune  system  has 
no  defense  against  viruses 

The  body  s  immune  system  protects 
us  from  bactena  as  well  as  viruses 

Intelligence  in  humans  is  related 
to  the  size  of  the  brain 

The  process  of  evolutton 
IS  continutng  today 

DNA  regulates  inhented  characteristics 
for  all  plants  and  animals 

A  vaccine  must  be  administered  prior 
to  infection  to  be  effective 

Senility  is  mevitable  as  the 
brain  ages  and  loses  tissue 

Humans  can  survive  on  almost  any  combination  of 
foods,  provided  that  the  total  diet  includes  enough 

calories 

Humans  developed  from  earlier 
species  of  animals 
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NOTE:  See  appendix  table  for  exact  wordings  of  statements. 
See  appendix  table  7-23 
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Chapter  7.  Science  and  Technology:  Pubhc  Attitudes  and  Pubifc  Understanding 


Responses  thai  cluiraciciized  a  scieniific:  study  as  build- 
ing ihcoiy.  seeking?  to  lalsify  or  test  hypotheses,  doin.tr 
ex|)erinienlal  ^Ul(lies.  or  enK<tU^'  ii^  carelul  comparative 
siu(iy  were  classified  as  correct.  Responses  that  charac- 
terized science  only  in  IcTtns  ol  nieasuretnent  wen^  clas- 
sified as  incorrect,  as  wctc  answers  like  "what  scientists 
do  in  their  laboratories."  Usin^?  this  coding  scheme, 
about  one  in  five  '\merican  adults  was  able  to  provide  an 
accei^lable  definition  ol  a  scientific  study  (Miller.  1991  and 
Miller  and  b'ifer,  1993b). 

In  the  1993  Mil  study,  each  r(^si)on(lent  was  presented 
with  this  problem: 

'Two  scientists  want  to  know  if  a  certain  druj^  is 
effective  a.ijainst  hi^h  blood  i)ressure.  The  first  sci- 
entist wants  to  ixive  the  druR  to  1, ()()()  people  with 
hi^^h  blood  pressure  and  see  how  many  of  them 
experience  lower  blood  pressure  levels.  The  sec- 
ond scientist  wants  to  .tiive  the  dru.ix  to  500  pe()i)le 
with  hiiLih  blood  |)ivssure.  and  not  j;ive  the  druR  to 
another  500  people  with  hi.i^h  blood  j)ressure.  and 
see  how  many  in  both  .t,n'oui)S  experience  lower 
l)lood  pressure  levels.  Which  is  the  better  way  to 
test  this  dru^r?" 

Seventy-six  j)ercenl  of  the  respondents  said  that  the 
second  approach  was  the  best.  On  the  surface,  this 
would  su^^^est  that  most  peoi)le  understand  the  concept 
of  control  groups.  To  explore  the  level  of  understanding 
behind  this  choice,  each  respondent  was  asked  to 
explain,  in  an  open-ended  format,  why  their  choice  was 
the  belter  one.  In  this  context,  only  3()  |)ercent  of  the 
respon(U*nts  in  the  study  were  rMe  to  describe  the  use  of 
a  control  ^rou]}  and  explain  the  reasons  for  this  choice. 
.'\n  additional  13  percent  who  had  seUrted  the  two-trpoup 
choice  did  not  provide  any  n^ason  for  the  choice.  And  24 
percent  who  had  selected  the  two-.txroup  study  provided 
incorrect  explanations.  Ei.trht  i)ercent  of  the  respondents 
indicated  that  they  selected  the  single  ^roup  l)ecause 
they  thouj^ht  that  1.000  cases  would  be  better  than  500. 
and  4  percent  rejected  the  control  ^^roup  choice  becau  ;e 
they  did  not  want  to  deny  the  medicine  to  persons  with 
high  blood  pressure.'" 

The  Results  of  these  two  cjuestions  indicate  that  the  pub- 
lic s  unckTstandin^r  of  the  scientific  i)rocess  is  complex  and 
difficult  to  measure.  Closed-ended  questions  may  tend  to 
overestimate  the  real  level  of  understanding,  but  open- 
ended  questions  pose  different  problems  in  the  probing  and 
coding  of  the  resix)nses.  Although  more  work  is  needed  in 
this  area,  evidently  not  more*  than  a  third  of  American  adults 
have  a  minimal  understanding  of  scientific  jirocesses. 


"Note  llim  cuiTcnl  nu'dical  rtscarch  would  ino^t  likely  focus  on 
coniparlnji  iw<»  studies  of  available  llierapies  and  new  therapies  and 
would  be  unlikely  to  include  a  control  irroup  in  which  i)atients  with  an 
illness  or  condition  received  no  lhcrai)y  at  all.  However,  this  question 
was  constructed  to  measure  the  public's  understanding  ot  a  coiurol 
«^rou|).  not  their  undersiandinir  oi  control  study  design. 


Figure  7-19. 

Knowledge  of  environmental  terms  and 
concepts:  1992 
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•Responses  were  collected  In  an  open-ended  lormat  In  the  telephone 
inter\'iew. 

See  appendix  tables  7-24,  7-25,  and  7«26. 
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Youth  Understanding  and  Attitudes 

Tomorrow's  adults  are  today's  elementary  and  sec- 
ondar\'  school  students.  Indepth  analyses  point  lo  seri- 
ous and  continuing  problems  in  the  achievement  levels 
attaine^d  by  I'.s.  students  in  science  and  mathematics.'* 
'Hie  stron^T  positive  relationship  observed  in  the  Science 
&  Engineering  Indicators  data  between  the  number  of  high 
school  and  college  science  and  mathematics  courses 
taken  and  adult  understanding  of  scientific  terms  and  con- 
cepts demonstrates  the  important  link  between  school  sci- 
ence achievement  and  adult  understanding  of  science. 

The  Longitudinal  Study  of  American  Youth  (LSAY) 
which  pi*ovides  information  on  high  school  seniors  has 
been  monitoring  the  development  of  middle  school  and 
high  school  student  attitudes  toward  and  achievement  in 
science  and  mathematics  over  the  last  7  years,'-'  To  paral- 
lel the  adult  Science  and  Enginering  Indicators  studies. 


•'Sfe  cliapter  I.  "Student  AchievtMncnt."  for  more  detail;  aUu  sec 
Koretz  (1991)  and  Research.  Kvaluation.  and  Dissemination  Division 
(1993).  chapter  1. 

I.SAV  is  a  two-strand  lonj^itudinal  study  'M  a  national  sample  oi  public 
middle  and  hij^li  school  students.  Bej^dnninK  in  fall  1987.  approximately 
:i.000  7th  «radc  and  .'i.OOO  10th  K^ade  students  have  been  monitored 
re^^ardinjT  their  attitudes,  achievement,  and  career  plans  vis-a-vis  sci- 
ence and  inathenialics.  hi  addition  to  student  achievement  tests  and 
attitudinal  questionnaires,  information  has  been  collected  each  year 
from  each  student's  mathematics  and  science  teachers  and  from  one 
pan'nt.  1>AV  is  supported  by  an  NSF  jjrant. 
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Environmental  Interest  and  Knowledge  in  the  European  Community  and  the  United  States 


Nearly  60  percent  of  the  citizens  of  the  European 
Community  and  the  United  States  reported  that  they 
were  very  interested  in  environmental  issues,  in  paral- 
lel national  studies  conducted  in  late  1992.  (See  text 
table  7-3.)  Additionally,  about  a  quarter  of  both 
Europeans  and  Americans  indicated  that  they  felt 
"very  well-informed"  about  these  issues. 

\VTien  asked  to  rate  their  level  of  understanding  of 
several  important  environmental  concepts,  a  higher  pro- 
portion of  European  Community  adults  were  willing  to 
classify  themselves  as  having  a  clear  understanding  than 
were  Americans.  For  example,  regarding  the  hole  in  the 
ozone  layer.  44  percent  of  European  adults,  compared  to 
30  percent  of  American  adults,  reported  that  they  had  a 
clear  understanding  of  the  problem.  Similar  patterns 
were  found  for  the  level  of  understanding  of  acid  rain,  air 
pollution,  global  warming,  and  the  greenhouse  effect. 

Ix>oking  at  the  more  objective  measures  of  environ- 
mental knowledge  available  for  Europe  and  the  United 
States,  a  similar  pattern  was  found.  A  higher  percent- 
age of  European  respondents  provided  correct 
responses  to  most  items  than  did  the  Americans.  Over 
30  percent  of  European  adults,  for  example,  knew  the 
location  of  the  most  serious  thinning  of  the  ozone 
layer,  compared  to  17  percent  of  American  adults. 
Similarly,  81  percent  of  European  adults  recognized 
that  the  thinning  of  the  ozone  layer  can  cause  skin  can- 
cer, compared  to  73  percent  of  Americans.  The  margin 
of  difference  between  the  Europeans  and  the 
Americans  is  not  large,  but  it  is  consistent  across  envi- 
ronmental knowledge  questions.  These  differences 
may  provide  an  opportunity  to  study  more  carefully 
the'  origins  of  public  interest  in  public  policy  issues, 
the  perception  of  knowledgeability.  and  the  acquisition 
of  relevant  scientific  and  techiiical  information. 


Text  table  7-3. 

Adult  interest  in  and  knowledge  about  environmental 
issues  and  concepts:  1992 

European  United 
Community  States 


Percent 

Interest  in  environmental  issues 

Very  interested   56  59 

Moderately  interested    38  36 

Not  very  interested   6  5 

Informed  about  environmental  issues 

Very  well-informed   25  29 

Moderately  well-informed   60  56 

Poorly  informed   14  15 

Subiective  environmental  knowledge 

Acid  rain   40  32 

Air  pollution   57  52 

Global  warming   37  27 

The  hole  in  the  ozone  layer   44  30 

The  greenhouse  effect   40  27 

Obiective  environmental  knowledge 

Location  of  hole  in  ozone  layer   31  17 

Hole  in  ozone  layer  can  cause 

skin  cancer   31  73 

Greenhouse  effect  can  reduce 

deserts   47  32 

Greenhouse  effect  can  raise  sea  level  .  .  59  45 
Acid  rain  can  cause  damage  to 

forests   90  89 

Car  exhausts  have  nothing  to  do  with 

acid  rain   20  16 


N  =12.800  2.001 


NOTES;  There  were  slight  variations  in  the  wording  of  the  questions 
between  the  European  Community  and  U.S.  samples.  The  items  measuring 
subjective  and  objective  knowledge  were  asked  of  a  random  half  of  the  U.S. 
sample  (N  =  1 .004).  Percentages  for  the  subjective  items  represent  those 
reporting  -clear  understanding.  "  Percentages  for  the  objective  items  repre- 
sent percent  correct. 

SOURCE:  J.D.  Miller  and  L.K.  Pifer.  1993a. 
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high  school  seniors  in  1990  and  1993  were  asked  a  set  of 
altitude  and  knowledp^e  items  identical  to  those  asked  of 
adults. 

Understanding  of  Selected  Terms  and  Concepts 

In  both  1990  and  1993.  1-SAY  gauged  seniors*  under- 
standing of  common  scientific  concepts  such  as  evolu- 
tion, continental  drift,  and  the  nature  of  scientific  theor\'. 
(See  figure  7-20.)  In  almost  every  area,  the  performance 
of  the  1993  high  school  seniors  was  lower  than  that  of  the 
1990  seniors. 

In  1993,  yf)  percent  of  the  seniors  agreed  that  smoking 
causes  serious  health  problems— a  relatively  low  pro;  »r- 
lion,  given  the  extensive  media  and  societal  focus  on  this 
issue.  In  fact,  a  full  quarter  of  the  students  surveyed  had 
Q  u)me  doubts  about  the  health  hazards  of  smoking. 

ERIC 


Responses  to  three  other  statements  reveal  a  high 
degree  of  student  misunderstanding  or  uncertainty 
regarding  generally  accepted  scientific  constructs. 

♦  Only  a  third  of  1993  high  school  seniors  accepted 
the  concept  of  evolution;  almost  a  quarter  did  not. 

♦  Only  44  percent  agreed  that  life  could  have  devel- 
oped on  other  planets. 

♦  Only  37  percent  rejected  the  idea  of  lucky  numbers. 
Students  exhibited  much  uncertainty  in  their  responses. 

About  a  third  of  the  1993  respondents  answered  "don't 
know"  to  sbc  of  the  seven  statements. 

On  the  other  hand,  the  results  indicate  that  slightly 
more  than  60  percent  of  high  school  seniors  in  1990  and 
1993  recognized  that  a  scientific  theory  reflects  scien- 
tists best  understanding  of  how  something  works;  and 
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Figure  7-20. 

Scientific  understanding  of  high  school  seniors 
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NOTE:  See  appendix  table  for  exact  wordings  of  statements. 
See  appendix  table  7-27. 
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about  the  same  proporlion  of  1990  and  1993  seniors 
understood  that  scientific  theories  will  chant^e  from  time 
to  time.  These  results  sup^gest  that  a  larger  proportion  of 
recent  h\^h  school  graduates  than  of  comparable  sam- 
ples of  r.s.  adults  understand  the  scientific  process. 

Attitudes  Toward  S&T^^ 

WTiile  high  school  seniors  in  1990  and  1993  displayed 
a  generally  positive  attitude  toward  science  and  technol- 
ogy, there  were  signs  of  reservation  and  wariness.  Sixty- 
two  percent  of  1993  seniors  agreed  with  the  statement 
that  "scientific  invention  is  largely  responsible  for  our 
standard  of  living  in  the  United  States."  In  contrast.  85 
percent  of  the  adult  population  agreed  that  "science  and 
technology  are  making  our  lives  healthier,  easier,  and 
more  comfortable."^*  (See  figure  7-21  and  appendix  table 


•Tlie  attitudinal  portion  of  the  l^SAY  study  included  some  attitude 
items  that  had  been  previously  used  in  national  adult  studies  in  the 
United  States  and  other  countries,  "Hie  wording  is  identical  tor  most 
items;  there  are  minor  differences  on  some  items. 

'^Nole  that  although  the  l.s.w  and  adult  questions  are  not  identical, 
they  both  provide  information  on  views  of  the  role  of  s\  i  regarding 
i-nii--"  K^'neral  well-being.  ^ 
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7-13.)  In  both  1990  and  1993.  only  3  percent  of  students 
disagreed  that  Scv::T  had  made  a  major  contribution  to  the 
standard  of  living,  but  there  was  an  increased  level  of 
uncertainty  in  their  responses. 

There  is.  however,  no  evidence  of  a  growth  in  negative 
altitudes  toward  s^^-T  among  high  school  students.  Only  a 
quarter  of  public  high  school  seniors  in  1990  and  1993 
thought  that  "science  is  making  our  way  of  life  change 
loo  fast."  and  about  the  same  proportion  was  willing  to 
agree  that  "because  of  their  knowledge,  scientific 
researchers  have  a  power  that  makes  them  dangerous." 
Fewer  than  10  percent  of  public  high  school  seniors  in 
1990  and  1993  overtly  disagreed  that  "scientific 
researchers  are  dedicated  people  who  work  for  the  good 
of  humanit\\*'  (See  figure  7-21.) 

Most  (52  percent)  high  school  seniors  were  uncertain 
about  the  potential  impact  of  computers  and  automation 
on  jobs,  and  the  balance  was  almost  evenly  divided 
between  optimists  and  pessimists.  Ainong  1993  seniors, 
26  percent  indicated  that  they  expected  computers  and 
factory  automation  to  create  more  jobs  than  they  would 
eliminate,  while  22  percent  disagreed  with  that  idea.  The 
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Figure  7-21 . 

Attitudes  toward  science  and  technology  among  high  school  seniors 
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See  appendix  table  7-28 
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majorily  (f);")  i)tTccnl)  ol"  r.s.  adulls  surveyed  on  this 
issue  in  ihe  \W2  Science  6!:  Eni^incchii^  Indicators  study 
expected  computers  and  automation  to  eliminate  more 
jobs  than  they  would  create;  about  40  percent  took  th(^ 
view  that  more  jobs  would  be  ereated.  Amon^^  adults, 
bowrver,  only  percent  responded  that  they  did  not 
know  what  the  potential  impact  would  be. 

f\irallel  to  these  sli^duly  hei^^htened  reservations  about 
the  impact  of  comput(M*s  and  automation,  the  iy»AV  results 
point  to  a  modest  decline  in  the  belief  that  there  will  be  a 
tcThnolo^neal  solution  to  almost  any  future  problem.  A  third 
of  1990  public  school  seniors  a.^reed  that  "new  inventions 
will  always  be  found  to  counteract  any  harmful  conse- 
quences of  technological  development,'*  while  70  percent 
overtly  disa.i^reed  with  the  statement  and  48  percent  were 
uncertain,  'lliree  years  laten  only  25  percent  of  1993  seniors 
ai^reed  with  this  statement,  and  55  percent  were  uncertain. 

When  asked  to  assess  the  balance  of  benefits  and 
harms  from  science  and  technoloRv,  44  i)ercent  of  1993 
high  school  seniors  thought  that  Scv;-'r  caused  more  good 
than  harm,  but  19  percent  of  seniors  in  both  years  dis- 
agreed with  that  view.  In  contrast,  73  percent  of  adults  in 
1992  thought  the  benefits  of  scientific  research  were 

O 
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greater  than  any  harms,  with  only  17  percent  taking  the 
oi)posing  view.' 

h)oking  at  the  broader  sets  of  ivsults  in  the  l.SAV  and 
adult  studies,  it  is  api^arent  that  a  substantially  larger  pro- 
portion of  students  have  not  yei  developed  an  attitude 
toward  s.v;- r.  As  tlu^se  students  progress  into  woi*k  and/or 
college,  they  will  acquire  more  experiences  and  informa- 
tion, and  it  is  likely  that  the  proportion  holding  attitudes 
on  these  issues  will  continue  to  increase  during  their 
young  adult  yi^ars.  On  the  other  hand,  the  increased  level 
of  uncertainty^  between  the  1990  and  1993  seniors  cannot 
be  explained  developmentally. 


Thcrt'  tire  minor  {litYcn'iR'cs  in  ihc  u()r(lin.u  and  data  colh^ction  lor 
this  ilciu  belwven  the  adult  and  student  saniples.  In  I>AY.  the  students 
were  askrd  on  a  printed  questionnaire  to  strongly  a^rce.  apree,  dis- 
a.UTee.  >tronKdy  disa^ive.  or  iiulicaic  that  they  were  uiK'eUain  about 
the  statement  "Overah.  science  aiui  technolo^'y  Have  caused  more 
K'ood  than  harm."  '11k'  aduU  data  were  collected  by  telephone  interview 
(wordiiijs'  ol  the  adult  question  is  contained  in  appendix  table  7-18).  hi 
the  adult  interview,  a  response  of  about  equal  or  uncertain  was  accept- 
ed, but  not  offered.  Kven  Riven  these  differences  between  the  two 
questions,  th<'  makMiitude  of  the  differences  in  student  and  aduU 
rospons<'s  caiuiot  be  attributed  to  meihodok)Ky  alone. 
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Conclusion: 
The  Public  Context  of  Science 

Oil  balance,  most  Americans  coiilinuc  to  hold  i)()silivc 
vitnvs  of  scicnc(»  and  lccliiK)lo.u:y.  cxi)cclin.c>'  contiiuicd 
advances  in  lieallh.  communication,  and  oilier  tu^lds, 
There  is  a  moderalely  lii^^h  level  ol  interest  in  new  scien- 
tific discoveries  and  the  use  of  new  inventions  and  tecli- 
noloi^ies.  and  a  veiT  hi.u:h  level  of  interest  in  new  medical 
discoveries.  'Hie  vast  majority  of  Americans  continue  to 
have  reseivalions  about  their  understandin.ii:  of  scientitic 
and  technical  concepts,  and  objective  measurements  of 
their  knowledj^e  su^^Rest  that  these  reseivations  are  real- 
istic. About  115  percent  of  .Americans  follow  s<v:  1  issues  in 
the  news  and  tiy  to  stay  up  to  date  on  thesc^  matters. 
These  attentive  citizens  know  somewhat  more  about  sci- 
ence and  tochnoloiO'  <tnd  hold  even  more  positive  atti- 
Uides  toward  s.vr  than  other  citizens.  In  the  context  of  a 
specialized  political  system,  this  attentive  ])ublic  repre- 
sents a  reasonable  core  of  citizen  support. 

It  appears  that  citizens  interc^sted  in  s^:T  are  active 
readers  and  viewers  of  news  and  information  on  these 
subjects.  At  the  same  time,  most  citizens  expressed  a 
low  level  of  trust  in  many  widely  used  information 
sourc(»s.  especially  television.  This  set  of  results  makes 
the  coiiiiminication  of  scientific  information  problemat- 


ic— the  most  wi(k»ly  used  iiilormation  cliamu»ls  art*  the 
least  trusted.  Clearly,  this  is  an  area  that  netnls  more 
analysis  and  examination. 

There  is  some  public  awareness  of  the  issues  of  i!it(\i^ri- 
ly  and  fraud  in  sci(Mitific  work,  but  the  i)ublic  appears  U) 
lake  a  reasonably  balanced  view  of  the  problem.  Most  cit- 
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highest  for  |)rofessional  groups  in  American  society. 

/\nalyses  of  the  graduating  high  school  classes  of  1990 
and  199!-!  point  to  deficiencies  concerning  both  substan- 
tive knowledge  about  science  and  understanding  of  sci- 
ence and  technology  in  society,  'lliese  recent  high  school 
gtaduaies  demonstrated  more  resen'ations  about  the 
future  impact  of  s^:!'  than  the  present  gen(M*ation  of 
.■\mcn"ican  adults.  More  than  overtly  inacci;rate  informa- 
tion, there  was  a  pcTOisive  absence  of  any  information  at 
all  on  numerous  subjects.  As  noted  elsewhere,  the  avail- 
able information  concerning  student  attitudes  and  stu- 
dent understanding  of  science  and  niatheniatics  points  to 
a  need  for  the  continuation  of  present  efforts  to  reform 
and  improve  the  school  experience  in  these  areas. 
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Appendix  table  1-3. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity  for  age  9:  1978-90 


Percentile  1978  1982  1986  1990 


All  students 


5th   157.1  (1.0)  159.3  (1.8)  163.0  (1.3)  173.3  (2.6) 

10th   171.1  (1.2)  173.2  (1.8)  176.7  (1.5)  185  8  (2.2) 

25th   194.6  (1.0)  196.0  (1.1)  199.0  (1.6)  207.8  (1.3) 

50th   220.1  (1.0)  220.4  (1.2)  223.3  (1.1)  231.1  (0.9) 

75th   243.7  (0.9)  243.3  (1.4)  245.6  (1.2)  252.5  (0.7) 

90th   264.0  (1.2)  262.7  (1.0)  264.2  (1.3)  271.0  (1.0) 

95th   275.7  (1.2)  273.8  (1.3)  275.5  (1.2)  282.1  (1.3) 


Males 


5th   154.9  (2.3)  156.4  (2.1)  162.7  (2.0)  171.8  (2.5) 

10th   169.0  (1.3)  170.2  (1.4)  176.1  (1.7)  184.6  (2.1) 

25th   192.3  (1.0)  193.0  (1.5)  198.6  1.6  206.7  (1.2) 

50th   218.4  (0.9)  218.6  (1.7)  223.0  (1.0)  230.4  (1.0) 

75th   243.0  (1.1)  242.3  (1  6)  245.7  (1.6)  252.4  (0.8) 

90th    263.8  (1.2)  262.2  (1.2)  265.1  (1.9)  271.6  (1.8) 

95th   275.2  (1.1)  273.6  (1.9)  276.4  (2.1)  282.8  (1.7) 


Females 


5th   159.4  (1.3)  162.8  (1.7)  163.5  (2.3)  174.5  (2.8) 

10th   173.1  (2.0)  176.6  (1.6)  177.5  (2.6)  187.0  (2.7) 

25th   196.4  (1.2)  198.9  (1.8)  199.0  (1.8)  208.9  (1.3) 

50th   221.5  (1.0)  222.2  (1.1)  223.5  (1.1)  231.8  (1.0) 

75th   244.3  (1.5)  244.2  OA)  245.5  (1.5)  252.7  (1.0) 

90th   264.2  (1.4)  263.1  (1.0)  263.3  (1.6)  270.4  (1  3) 

95th   276.1  (1.8)  273.9  (1  7)  274.2  (2.0)  281.4  (1.1) 


Whites 


5th   166.3  (1.5)  168.1  (1.4)  170.6  (2.4)  181.8  (2.4) 

10th   179.4  (1.5)  180.8  (1.7)  183.9  (1.7)  194.0  (1.6) 

25th   201.4  (1.1)  201.9  (1.3)  205.3  (1.1)  214.6  (0.9) 

50th   225.1  (1.0)  225.3  (1.4)  228.3  (1.1)  214.6  (09) 

75th   247.7  (0.8)  246.8  (0.9)  249.6  (0.8)  256.4  (0.6) 

90th   267.0  (1.1)  265.3  (1.0)  267.4  (1.2)  274.5  (0.8) 

95th   278.4  (1.7)  276.0  (1.3)  278.2  (1  8)  284.8  (2.1) 


Blacks 


5th   133.7  (1.9)  136.7  (2.5)  146.2  (3.2)  156.0  (1.7) 

10th   147.0  (1.7)  150.4  (2.3)  158.4  (4.9)  167.1  (3.7) 

25th   169.3  (1.9)  172.5  (2.0)  180.5  (4.1)  186.0  (4  1) 

50th   193.0  (1.1)  196.6  (2.0)  202.9  (1.6)  208.4  (3.1) 

75th   216.4  (1.6)  218.2  (2.0)  223.6  (2.0)  231  4  (2.1) 

90th   236.1  (1.6)  235.7  (2.5)  241.2  (1.7)  248.9  (2.9) 

95th   247.5  (1.4)  247.9  (2.8)  251.3  (1  3)  258.9  (4.3) 


Hispanics 


5th   144.4  (5.4)  148.1  (2.8)  154.8  (3.7)  161.8  {3A) 

10th   156.3  (3.7)  160.8  (3.2)  163.8  (1.8)  173.4  (1.4) 

25th   178.7  (3.2)  181.3  (2.3)  184.5  (3.2)  193.1  (3.6) 

50th    204.3  (3.0)  205.2  (1.6)  206.3  (2.4)  216.2  (4.1) 

75th   227.2  (2.5)  226.5  (2.0)  226.0  (3.8)  251.7  (3.4) 

90th   249.5  (4.0)  246.4  (3.4)  244.8  (3.8)  251.7  (3  4) 

95th  .    259.6  (4.6)  256.6  (2.9)  254.4  (4.6)  262.2  (3.5) 


NAEP:  National  Assessment  of  Educational  Progress 
NOTE.  Standard  errors  are  shown  in  parentheses 

Source  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington  DC  National  Center  (or  Education  Statistics.  1991 1 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-4. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethniclty  for  age  13: 1978-90 


Percentile  1978  1982  1986  1990 


All  students 


5th   198.2  (1.6)  212.4  (2.7)  218.3  (1.8)  217.6  (2.2) 

10th    213  3  (1.5)  225.3  (1.6)  230.0  (1.4)  230.2  (1.4) 

25th   238.1  (1.3)  246.2  (1.2)  248.3  (1.8)  249.8  (0.9) 

50th   265.2  (1.1)  269.5  (1.0)  268.7  (1.3)  270.9  (1.0) 

75th   291  1  (1  1)  291.6  (1.1)  289.6  (1.3)  291.7  (1.0) 

90th    313.4  (1.2)  310.8  (1.2)  309.2  (1.5)  309.9  (1.0) 

95th   326.6  (1  3)  322.2  (1.2)  320.5  (2.2)  320.1  (1.6) 


Males 


5th   195.8  (1.4)  211.5  (2.2)  218.0  (1.8)  215.5  (2.1) 

10th   211.4  (1.4)  224.3  (2.0)  229.5  (1.7)  228.6  (2.0) 

25th   236.7  (1.4)  246.1  (1.5)  248.9  (2.3)  250.2  (1.7) 

50th   264.8  (1.4)  270.2  (1  2)  270.0  (1.6)  272.0  (1.0) 

75th   291.5  (1.5)  293  3  (1.2)  291.4  (1.6)  293.1  (1.2) 

90th   314.4  (1.7)  312.5  (1.5)  310.8  (1.5)  312.4  (14) 

95th    327.5  (1.5)  324.1  (1.3)  322.0  (2.6)  323.1  (1.9) 


Females 


5th   200.9  (2.6)  213.5  (1  5)  218.5  (3.2)  220.4  (2.3) 

10th   215.0  (1.6)  226.2  (1.4)  230.6  (2.0)  231.4  (1.2) 

25th   239.4  (1.4)  246.3  (1.1)  247.8  (1.5)  249.5  (1.1) 

50th   265.7  (1.2)  268.8  (0.9)  267.4  1,7  269.9  (1.2) 

75th   290.7  (1.0)  290.1  (1.1)  287.8  (1.7)  290.3  (1.3) 

90th   312.4  (1.41  308.8  (1.5^  307.2  2.8  307.7  (1.5) 

95th   325.6  (1.2)  320.1  (2.0)  318.5  (2.4)  317.3  (0.8) 


Whites 


5th   211.9  (1.4)  223.0  (1.6)  225.7  0-5)  228.2  (1.5) 

10th   225.5  (1.4)  234.4  (1.2)  236.5  (1.3)  239.3  (1.0) 

25th   247.6  (0.9)  253.5  (1.1)  254.1  (1.4)  257.3  (1.1) 

50th   272.2  (1.0)  274.9  (0.9)  273.3  (1.0)  276  6  (1.0) 

75lh   296.0  (0.7)  295.5  (1.0)  293.2  (1.3)  296.0  (1.1) 

90th   317.1  (1.2)  313.8  (1.4)  312.1  (2.2)  313.2  (1.3) 

95th   329.6  (1  3)  324.8  (1.4)  322.9  (1.8)  322.9  (1.6) 


Blacks 


5th   170.2  (1.9)  201  7  (4.5)  201.7  (4  5)  201.6  (5.4) 

10th   184.1  (2.6)  200.2  (3.7)  213.2  (2.3)  211.8  (2.2) 

25th   205  5  (1.9)  219.3  (1.8)  230.7  (2.2)  229.9  (3.0) 

50th   229.0  (2.2)  241.0  (1.9)  249.3  (2.3)  249.4  (2  0) 

75th   254.1  (2.2)  260.9  (1.4)  266  9  (1.5)  267.8  (2.9) 

90th   276.4  (2.4)  279.7  (2.2)  284.4  (3.7)  285.3  (2  8) 

95th    .    288.4  (39)  291.1  (1.7)  296.4  (4.3)  296.2  (4.1) 


HIspanics 


5th   180.2  (1.8)  202.3  (2  2)  205.9  (3.6)  206.2  (3.7) 

10th   192.5  (2.2)  213.5  (2  6)  216.2  (3.8)  216.4  (3.1) 

25th   214  3  (1  8)  230  7  (1.9}  235.5  (2.7)  234  3  (2.2) 

50th   237.4  (20)  251.9  (1.4)  254.3  (34)  255.1  (1.9) 

75th   261  9  (3.2)  273.7  (1.4)  254.3  (34)  275.2  (3  5) 

90th    ....           .      ...  283.7  (3.4)  292  8  (2.4)  291  7  (3.1)  292.2  (2.9) 

95th..  296  3  (3.1)  304  1  (2.9)  301  2  (19)  303  3  (3  3) 


NAEP    National  AssPssmenl  of  En.^r.ihonal  Progrecs 
NOTE  Stnndaid  f  r^ors  ate  ?»ho>//n  in  parentheses 

SOURCE:  Educational  Tf'Stmg  S»^rvice  Trends  .n  AcMcmic  Pwf^?.-  <  Wash-nqion  DC  Nationai  Cenier  'or  Education  Stalistics  1991 1 

See  ''Qu'e  1-2  Scence    E'^gtnoor.ng  McVo^b  -  1993 
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Appendix  table  1-5. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethnlclty  for  age  17: 1978-90 


Percentile  1978  1982  1986  1990 


All  students 


5th   241.3  (1.3)  244.9  (1.1)  251.7  (1.2)  253.4  (1.0) 

10th   254.2  (1.1)  255.9  (1.0)  262.7  (1.0)  264.0  (1.1) 

25th   276.4  (1.2)  275.8  (1.3)  280.7  (0.6)  282.5  (1.0) 

5Cih   301.4  (1.1)  298.8  (1.0)  301.4  (1.3)  304.9  (1.1) 

75th   325.4  (1.0)  321.5  (0.8)  323.1  (1.9)  326.5  (1,2) 

90th   344.7  (0.8)  340.6  (0.9)  343,0  (1.3)  344.5  (1.3) 

95th   355.7  (0.9)  351.2  (1.1)  354.0  (1.1)  355.5  (2.2) 


Males 


5th   243.8  (1.2)  247.0  (1.3)  252.7  (3.0)  252.8  (3.0) 

10th   257.0  (1.2)  257.9  (1.2)  264.1  (1.2)  263.9  (1.2) 

25th   278.9  (1.2)  278.1  (1.1)  282.3  (1.8)  283.7  (1.3) 

50th   304.8  (1.3)  301.8  (1.6)  303.9  (1.2)  306.4  (1.6) 

75th   329.5  (1.1)  325.1  (1  2)  327.8  (2.1)  329,3  (1.1) 

90th   349.2  (1.0)  344.4  (1.1)  346.7  (1.6)  347.8  (1.4) 

95th   360.1  (1.0)  354.4  (1.8)  357.5  (1.7)  358.5  (1.3) 


Females 


5th   239.3  (1.3)  242.8  (1.6)  250.3  (2.8)  253.9  (1.9) 

10th   252.2  (1.0)  254.1  (1.2)  261.2  (1.4)  264.0  (1.5) 

25th   274.3  (1.3)  273.7  (1.2)  279.3  (1.3)  303.7  (1.7) 

50th   298.3  (1.1)  296.1  (1.2)  299.1  (1.3)  303.7  (1.7) 

75th   321.5  (1.0)  317.7  (0.8)  319.8  (1.7)  324.1  (1,2) 

90th   340.3  (1.4)  336.7  (1.7)  338.2  (2.2)  341.4  (1.6) 

95th   350.4  (1.5)  347.2  (1.5)  349.3  (1.9)  351.8  (2.2) 


Whites 


5th   251.9  (0.6)  253.3  (1.1)  261.2  (1.6)  260.2  (1.3) 

10th   263.3  (1.3)  263.8  (1.1)  270.5  (1.3)  270.5  (1.5) 

i^5th   283.5  (1.0)  282.3  (1.1)  286.9  (1.2)  288.8  (1.5) 

50th   306.6  (1.0)  303.9  (1.2)  306.8  (1.3)  310.1  (1.3) 

75th   328.9  (0.8)  325.1  (0.9)  327.8  (1.7)  330.1  (1.2) 

90th   347.3  (0.7)  343.4  (1.1)  346.1  (1.3)  347.2  (1.0) 

95th   357.8  (0.7)  353.4  (1.5)  356,0  (1.4)  357.1  (1.3) 


Blacks 


5th   217.2  (2.0)  225.1  (1.4)  236.7  (3.9)  245.4  (4.4) 

10th   227.8  (1.7)  234.5  (1.7)  244.3  (4.2)  253.5  (3.5) 

25th   245.7  (1.2)  251.4  (1.6)  259.9  (1.5)  268.7  (1.8) 

50th   267.7  (1.6)  271.2  (1.4)  278.6  (3.9)  287.1  (2.5) 

75th   290.5  (2.2)  291.2  (1.7)  296.1  (2.5)  307.1  (5.3) 

90th   310.3  (2.1)  310.8  (1.7)  312.0  (7.4)  325.7  (5.8) 

95th   320.7  (2.5)  321.3  (2.2)  324.8  (4.1)  337.7  (4.2) 


Hispanlcs 


5th   224.1  (4.4)  232.0  (1.7)  236.3  (5.3)  229.1  (5.4) 

10th   234.0  (2.9)  240.7  (3.2)  248.5  (4.5)  242.2  (8.1) 

25th   253.4  (1.8)  255.8  (2.4)  264.7  (2.8)  263.8  (6.8) 

50th   275.1  (3.6)  275.3  (3.2)  283.1  (2.5)  281.8  (2.4) 

75th   298.5  (3.9)  297.1  (2.6)  301.2  (4.2)  304.0  (4.4) 

90th   319.5  (3.6)  314.9  (2.6)  318.6  (2.3)  325.1  (3.6) 

95th   332.0  (0.9)  326.7  (4.4)  329.3  (7.3)  336.3  (8.6) 


NAEP  s  National  Assessment  of  Educational  Progress 
NOTE-  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991) 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-6. 

Average  scores  by  percentile  for  the  NAEP  science  test,  by  sex  and  race/ethnlcity  for  age  9: 1977-90 


Percentile  1977  1982  1^186  1990 


All  students 


5th   143.8  (2.3)  150.9  (1.3)  155.0  (1.3)  159.8  (1.3) 

10th   160.9  (2.1)  166.8  (2.6)  169.9  (1.8)  176.1  (1.1) 

25th   190.1  (1.6)  194.4  (2.2)  195.4  (2.2)  ?.02.0  (1.4) 

50th   221.5  (1.1)  221.4  (2.4)  225.1  (1.7)  230.3  (0.9) 

75th   251.0  (1.1)  249.0  (2.0)  253.1  (1.7)  256.6  (0.8) 

90th   276.5  (1.2)  272.4  (3.9)  276.9  (2.0)  278.8  (1.3) 

95th   291.4  (1.2)  286.4  (3.7)  290.9  (1.9)  292.1  (1.4) 


Males 


5th   146.8  (2.6)  150.4  (5.5)  158.0  (3.6)  159.6  (2.2) 

10th   163.2  (1.9)  166.5  (3.8)  172.9  (1.8)  176.3  (2.3) 

25th   191.9  (1.9)  193.5  (4.1)  198.7  (1.8)  :^02.1  (2.5) 

50th   223.6  (1.4)  221.3  (3.6)  227.9  (1.7)  231.6  (1.9) 

75th   253.4  (1.4)  250.4  (3.1)  256.1  (1.9)  259.4  (1.0) 

90th   279.1  (1.3)  274.7  (4.3)  280.3  (2.0)  283.3  (1.8) 

95th   294.2  (1.5)  287.1  (5.3)  294  8  (2.7)  296.3  (2.4) 


Females 


5th   141.3  (3.5)  151  2  (6.6)  152.5  (2.5)  159.9  (2.4) 

10th   158.5  (2.2)  167.5  (3.1)  166.9  (2.6)  175.8  (2.2) 

25th   188.3  (1.4)  195.3  (2.6)  193.2  (1.8)  201.9  (1.2) 

50th   219.5  (1.2)  221.4  (3.6)  222.5  (2.0)  229.2  (1.1) 

75th   248.6  (1.1)  247.4  (2.4)  250.2  (1.9)  254.0  (1.1) 

90th...    273.8  (1.6)  270.6  (3.4)  273.3  (1.6)  274.6  (1.9) 

95th   288.2  (1.6)  284.4  (3.4)  287.0  (2.6)  287.0  (1.9) 


Whites 


5th   163.2  (1.3)  167.0  (3.0)  166.5  (2.3)  176.9  (1.4) 

10th   177.6  (1.1)  182.2  (3.1)  181.0  (1.5)  189.9  (1.5) 

25th   202.4  (1.1)  203.8  (2.6)  205.5  (1.5)  212.6  (0.8) 

50th   229.8  (0.9)  228.6  (2.4)  232.5  (1.6)  238.3  (1.0) 

75th   256.9  (0.8)  254.9  (2.0)  258.8  (1.4)  262.3  (1.0) 

90th   281.1  (1.1)  277.6  (2.8)  281.7  (1.7)  283.5  (1.4) 

95th   295.4  (1.9)  290.8  (4.0)  294.9  (2.5)  295.7  (1.3) 


Blacks 


5th   107.0  (3.5)  123.6  (11.0)  132.8  (3.2)  131.3  (4.2) 

10th   122.8  (3.4)  138.7  (8.3)  .  146.9  (3.5)  145.3  (3.8) 

25th   146.6  (2.4)  159.2  (4.9)  169.7  (2.6)  169.8  (2.6) 

50th   173.8  (2.5)  188.2  (5.0)  195.9  (2.2)  196.3  (2.5) 

75th   202.9  (1.8)  214.4  (3.8)  222.6  (1.5)  224.1  (1.7) 

90th   229.2  (2.9)  236.4  (4.7)  246.4  (3.7)  246.8  (2.4) 

95th   244.1  (2.9)  246.5  (3.3)  259.5  (3.5)  260.0  (5.4) 


Hispanics 


5th   125.2  (7.0)  127.3  (9.6)  134.0  (10.1)  146.2  (5.5) 

10th    139.8  (3.3)  141.9  (16.8)  148.1  (5.2)  158.5  (4.3) 

25th   163.9  (4.3)  161.9  (4.4)  172.6  (3.4)  180.6  (3.7) 

50th   191.4  (3.6)  190.8  (4.8)  199.8  (6.7)  206.2  (3.7) 

75th   219.0  (3.2)  215.9  (3.4)  225.6  (4.1)  232.7  (4.1) 

90th   245.7  (4.9)  236.2  (5.6)  252.1  (5.4)  252.9  (4.4) 

95th   261.3  (6.4)  246.0  (7.6)  264.9  (6.7)  266.8  (6.9) 


NAEP  =  National  Assessment  ot  Educational  Progress 
NOTE.  Standard  errors  are  shown  in  parentheses. 

SOURCE  Educational  Testing  Service.  Trends  tn  Academic  Progress  (Washington.  DC  National  Center  for  Education  Statistics.  1991) 

See  figure  1-3  Science  &  Engineering  Indicators  -  1993 

O  .■ '  r  ^  ^  Q 


Science  &  Engineering  Indicators  -  1993 


♦  229 


Appendix  table  1-7. 

Average  scores  by  percentile  for  the  NAEP  science  test,  by  sex  and  race/ethnicity  for  age  13: 1977-90 


Percentile  1977  1982  1986  1990 


All  students 


5th   173.7  (1.7)  185.2  (2.2)  188.9  (2.2)  19-..4  (2.0) 

10th    190.6  (1.4)  199.6  (1.8)  203.3  (2.0)  205.9  (1.7) 

25th   218.4  (1.4)  224.1  (1.1)  227.2  (1.3)  230.0  (1.5) 

50th   248.6  (1.2)  250.9  (I.C  252.1  (1.8)  256.4  (1.2) 

75th   277.5  (0.9)  276.7  {^ .  276.5  (1.5)  281.1  (0.9) 

90th   302.4  (0.9)  299.2  (16)  298.2  (2.0)  302.4  (1.1) 

95th   316.0  (1.5)  312.8  (1.3)  310.3  (1.6)  315.1  (1.9) 


Males 


5th   176.7  (1.9)  190.2  (2.6)  192.3  (4.2)  191.9  (2.5) 

10th   193.5  (1.6)  204.4  (1.6)  207.2  (2.5)  207.3  (3.4) 

25th   221.5  (1.7)  229.5  (1.7)  231.1  (1.6)  232.9  (1.4) 

50th   252.4  (1.5)  256.7  (1.5)  256.9  (2.0)  260.3  (1.4) 

75th   281.6  (1.2)  282.6  (1.5)  282.4  (1.4)  285.8  (2.2) 

90th   306.5  (1.3)  305.0  (1.7)  303.4  (1.6)  307.4  (1.5) 

95th   321.2  (1.5)  318.3  (2.3)  316.2  (2.2)  320.2  (1.2) 


Females 


5th   170.8  (1.6)  180.2  (1.9)  186.3  (2  2)  190.6  (2.1) 

10th   187.7  (1.8)  195.5  (2.3)  200.5  (2.9)  204.8  (1.5) 

25th   215.5  (1.7)  219.7  (1.4)  223.4  (1.5)  227.8  (1.6) 

50th   245.0  (1.2)  246.1  (1.7)  248.0  (1.7)  253.1  (1.2) 

75th   273.0  (1.5)  271.0  (1.9)  271.0  (1.8)  276.8  (1.6) 

90th   297.7  (1.0)  292.8  (1.5)  291.3  (1.7)  296.8  (1.1) 

95th   312  1  (2.2)  305.3  (1.8)  304.0  (3.6)  308.6  (1.4) 


Whites 


5th   190.8  (0.9)  198.0  (1.7)  203.5  (2.7)  208.6  (1.6) 

10th    205.2  (1  2)  210.8  (1.7)  215.8  (1.5)  220.4  (1.2) 

25th   229.3  (1.3)  233.2  (1.2)  237.0  (1.9)  241  3  (0.9) 

50th   256.3  (0.8)  257  6  (1.3)  259.2  (2.0)  264.5  (1.1) 

75th   282.9  (0.7)  281.5  (1.1)  282.3  (1.9)  287.0  (1.7) 

90th   306.6  (0.9)  302.7  (1.6)  302.2  (1.9)  307.1  (1.4) 

95th   320.8  (1.1)  316.2  (1.7)  313.9  (2.1)  319.4  (1.3) 


Blacks 


5th   144.3  (3.2)  160.3  (3.1)  167.8  (1.7)  169.7  (5.5) 

10th   157.7  (2.4)  173.0  (3.1)  180.1  (2  2)  181.8  (6.1) 

25th   180.5  (2.2)  193.7  (2.4)  198.3  (3.0)  .  202.3  (3.7) 

50th   207.4  (2.5)  216.8  (1.3)  221.2  (2.8)'  225.7  (3.0) 

75th   234.8  (2.6)  240.7  (2.2)  243.5  (3.6)  249.1  (2.6) 

90th   259.5  (3.4)  262.2  (3.5)  ?64.4  (4.9)  269.0  (4.2) 

95th   274.6  (2.7)  274.7  (1.9)  276.8  (2.5)  283.2  (3.7) 


Hlspanlcs 


5th   147.1  (3.5)  166.3  (4.9)  171.1  (5.6)  173.7  (4.7) 

10th   161.4  (3.0)  179.4  (4.1)  181.3  (4  5)  1853  (4.5) 

25th   185.8  (3.5)  200.7  (3.6)  201.6  (5.5)  205.0  (4.1) 

50th   213.3  (2.5)  225.9  (4.4)  225.6  (3.8)  230.9  (3.3) 

75th   240  3  (3.5)  249.3  (5.1)  249.8  (3.4)  256.4  (5.1) 

90th   265.8  (2.0)  271.2  (5.1)  269.9  (3.5)  280.0  (5.9) 

95th   282.1  (4.4)  284.8  (6.1)  283.0  (3.8;  294  2  (2.8) 


NAEP  -  National  Assessment  of  Educational  Progresj^ 
NOTE  Standard  errors  are  shown  in  parentheses 

SOURCE:  Educational  Testmg  Service.  Trends  m  Academic  Progress  (Washington.  DC  National  Center  (or  Education  Statistics.  1991>. 

See  figure  1-3.  Science  &  Bngmeenng  Indicators  -  1993 
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Appendix  table  1-8. 

Mean  student  proficiency  in  the  NAEP  science  test,  by  sex  and  race/ethniclty  for  age  17: 1977-90 


Percentile 

1977 

1982 

1986 

1990 

All  students 

5th  

  212.6 

(1.3) 

203.2 

(2.2) 

211.8 

(2.4) 

209.9 

(2-3) 

10th  

  231.3 

(1.4) 

221.5 

(1.9) 

229.5 

(2.4) 

228.8 

(2.0) 

25th  

  260.6 

(1.4) 

252.5 

(2.1) 

259.6 

(1-9) 

260.3 

(1.9) 

50th  

  290.8 

(1.0) 

285.4 

(1.0) 

290.1 

(1-9) 

292.2 

(1.3) 

75th  

  320.1 

(0.9) 

315.3 

(1.6) 

319.4 

(1.3) 

322.7 

(1.4) 

90th  

  246.2 

(1.1) 

341.5 

(1.1) 

344.5 

(1.9) 

348.3 

(1.2) 

95th  

  361.5 

(1.3) 

357.3 

(1.4) 

359.9 

(2.0) 

362.9 

(1.5) 

Mates 

5th  

  2195 

(2.1) 

210.3 

(2.3) 

213.9 

(2.8) 

210.4 

(3.9) 

10th  

  238.2 

(1.6) 

228.9 

(2.7) 

231.4 

(5.0) 

229.5 

(2.9) 

25th  

  267.6 

(1.5) 

261.1 

(1.9) 

263.5 

(3.0) 

263.4 

(1.3) 

50th  

  298.5 

(1.2) 

294.3 

(0.4) 

298.7 

(2.8) 

297.9 

(1.9) 

75th  

  328.1 

(1.4) 

324.8 

(2.0) 

327.6 

(1.6) 

329.9 

(1.8) 

90th  

  353.9 

(1.4) 

350.5 

(1.9) 

353.4 

(2.8) 

356.7 

(2.3) 

95th  

  368.8 

(1.5) 

365.3 

(1.3) 

367.0 

(4.6) 

372.5 

(1.8) 

Females 

5th  

  207.6 

(1.6) 

198.3 

(3.6) 

209.8 

(3.5) 

209.2 

(3.7) 

10th  

  226.1 

(2.1) 

215.5 

(2.6) 

228.1 

(2.0) 

228.2 

(4.5) 

25th  

  254.5 

(1.5) 

245.7 

(2.1) 

256.2 

(2.0) 

257.7 

(2.4) 

50th  

  283.8 

(1.2) 

277.6 

(2.0) 

283.7 

(1.4) 

287.7 

(2.0) 

75th  

  311.5 

(1.1) 

306.2 

(1.2) 

310.8 

(1.8) 

316.2 

(2.3) 

90th  

  336.3 

(1.2) 

330.1 

(1.0) 

333.5 

(3.0) 

339.6 

(2.3) 

95th  

......  351.2 

(1.5) 

345.2 

(1.5) 

348.3 

(3.2) 

351.5 

(1.6) 

Whites 

5th  

  231.1 

(0.9) 

223.0 

(1.7) 

228.3 

(2.9) 

232.8 

(2.3) 

10th  

  246.0 

(0.7) 

239.1 

(1.5) 

244.5 

(3.1) 

249.0 

(2.0) 

25th  

  270.3 

(0.8) 

265.5 

(1.5) 

271.0 

(2.0) 

273.4 

(1.5) 

50th  

  297.5 

(0.7) 

293.6 

(1.0) 

298.7 

(1.7) 

301.2 

(1.2) 

75th  

  325.0 

(0.9) 

321.2 

(1.6) 

324.9 

(1.3) 

329.0 

(1.6) 

90th  

  349.9 

(1.0) 

246.0 

(1.3) 

348.9 

(3.0) 

352.3 

(1.3) 

95th   

  364.6 

(1.4) 

360.8 

(1.3) 

363.5 

(2.8) 

367.3 

(2.0) 

Blacks 

5th   

  172.4 

(1.5) 

166.0 

(3.1) 

189.3 

(4.8) 

182.0 

(10.1) 

10th  

  187.3 

(1.9) 

180.6 

(3.5) 

201.6 

(4.9) 

196.6 

(3.1) 

25th  

212.1 

(1.4) 

206.4 

(3.2) 

225.0 

(4.2) 

220.5 

(4.3) 

50th  

  240.4 

(1.8) 

234.7 

(3.0) 

251.9 

(5.9) 

251.6 

(3.0) 

75th  

  267.9 

(2.0) 

262.7 

(2.2) 

279.5 

(3.4) 

282.9 

(5.0) 

90th  

  293.4 

(2.5) 

288.8 

(3.9) 

306.0 

(4.2) 

313.5 

(11.3) 

95th  

309.5 

(2.6) 

305.4 

(1.6) 

322.8 

(5.8) 

329.3 

(10.2) 

Hispanlcs 

5th  

  193.7 

(5.2) 

178.0 

(6.5) 

194.4 

(9.3) 

188.7 

(6.2) 

10th  

  208.4 

(4.0) 

194.2 

(7.2) 

209.2 

(3.8) 

203.9 

(11.1) 

25th  

  234.3 

(3.9) 

218.8 

(3.3) 

232.0 

(5.6) 

230.6 

(3.6) 

50th  

  262.4 

(2.4) 

248.0 

(2.5) 

258.9 

(5.8) 

260.5 

(5.7) 

75th  

  289.5 

(5.1) 

278.4 

((3.4) 

285.8 

(3.6) 

292.6 

(10.6) 

90th  

  316.9 

(4.4) 

302.1 

(3.4) 

309.9 

(7.6) 

317.4 

(5.1) 

95th  

  331.3 

(4.4) 

320.8 

(11.0) 

324.4 

(6.3) 

329.5 

(9.1) 

NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parenlheses. 

SOURCE:  Educational  Testing  Service.  Trends  in  Acad^mip  Progress  (Washington.  DC.  National  Center  for  Education  Statistics.  1991). 

See  figure  1-3  •       \  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-9. 

Average  student  proficiency  scores  on  the  NAEP  mathematics  and  science  tests,  by  sex  and  age:  1970-90 


Sex  and  age 

1970 

1973 

1977.78^ 

1982 

1986 

1990 

Mathematics 

All  Students 

9  years  . 

.   .  NA 

NA 

219 

(0.8) 

219 

(0.8) 

219 

(1.1) 

222 

(1.0) 

230 

(0.8) 

1 3  years 

NA 

NA 

266 

(1 .1) 

364 

(1.1) 

269 

(1.1) 

369 

(1.2) 

270 

(0.9) 

1 7  years  .  .  . 

NA 

NA 

304 

(1.1) 

300 

(1.0) 

299 

(0.9i 

302 

(0.9) 

305 

(0.9) 

Male 

9  years  .... 

NA 

NA 

218 

(0.7) 

217 

(0.7) 

217 

(1.2) 

222 

(1.1) 

229 

(0.9) 

1 3  years 

NA 

NA 

265 

(1.3) 

264 

(1.3) 

269 

(1.4) 

270 

(1.1) 

271 

(1.2) 

17  years  .... 

NA 

NA 

309 

(1.2) 

304 

(1.0) 

302 

(1.0) 

305 

(1.2) 

306 

(1.1) 

Female 

9  years  

NA 

NA 

220 

(1.1) 

220 

(1.0) 

221 

(1.2) 

222 

(1.2) 

230 

(1.1) 

1 3  years 

NA 

NA 

267 

(1.1) 

265 

(1.1) 

268 

(1.1) 

268 

(1.5) 

270 

0.9) 

17  years 

NA 

NA 

301 

(1.1) 

297 

(1.0) 

296 

(1.0) 

299 

(1.0) 

303 

(1.1) 

Science 

All  Students 

9  years 

225 

(1  2) 

220 

(1  2) 

220 

(1.2) 

221 

(1.8) 

224 

(1.2) 

229 

(0.8) 

13  years 

255 

(1.1) 

250 

(1.1) 

247 

(1.1) 

250 

(1.3) 

251 

(1.4) 

255 

(0.9) 

1 7  years 

(1.0) 

296 

(1.0) 

290 

(1.0) 

283 

(1.2) 

289 

(1.4) 

290 

(1.1) 

Male 

9  years . 

228 

(1.3) 

223 

(1.3) 

222 

(1.3) 

221 

(2.3) 

227 

(1.4) 

230 

(1.1) 

1 3  years 

257 

(1.3) 

252 

(1.3) 

251 

(1.3) 

256 

(1.5) 

256 

(1.6) 

259 

(1.1) 

1 7  years 

314 

(1.2) 

304 

(1.2) 

297 

(1.2) 

292 

(1  4) 

295 

(1.9) 

296 

(1.3) 

Female 

9  years  .  .  . 

...  223 

(1.2) 

218 

(1.2) 

218 

(1.2) 

221 

(2.0; 

221 

(1.4) 

227 

(1.0) 

1 3  years 

253 

(1.2) 

247 

(1.2) 

244 

(1.2) 

245 

(1.3) 

247 

(1.5) 

252 

(1.1) 

1 7  years 

...  297 

(1  1) 

288 

(1.1) 

282 

(1.1) 

275 

(1.3) 

282 

(1.5) 

285 

(1.6) 

NA  =  not  available.  NAEP  =  National  Assessment  of  Educational  Progress 

NOTES-  Science  and  mathematics  scores  are  not  comparable  Standard  errors  are  stiown  m  parentheses. 
'Data  for  the  NAEP  science  test  are  for  1977.  data  for  the  NAEP  mathematics  test  are  for  1978 

SOURCE  Educational  Testing  Service.  Trends  /n  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics  i99u 
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Appendix  table  1-10. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity 
for  age  13: 1978^90 


Sex.  race  ethmclty.  and  score  range 


1978 


1982 


1986 


1990 


Percent 


All  students 

Less  than  200 . 
200-249 

250-299  

300-349   

350  or  more 

Male 
Less  than  200 . 

200-249   

250-299 . .  . 
300-349 .    .  .  . 
350  or  more  .  . 


Female 
Less  than  200 

200-249   

250-299  

300-349  .  .  . 
350  or  more 

White 
Less  than  200 . 
200-249 . 
250-299 .   .  . 
300-349 . . 
350  or  more  .  . 

Black 
Less  than  200 . 

200-249  

250-299 .  . 

300-349  

350  or  more 

Hispanic 
Less  than  200 . 
200-249 .    .  . 
250-299 
300-349.    .  . 
350  or  more  .  . 


5.4 
29.7 
46.9 
17.0 

1.0 

6.1 
30.0 
45.5 
17.3 

1.1 

4.8 
29.3 
48.4 
16.6 

0.9 

2.4 
24  7 
51.5 
20.2 

1.2 

20.3 
51.0 
26.4 
23 
0 

13.6 
50.4 
32.0 
39 
0.1 


2.3 
26.3 
54.0 
16.9 

0.5 

2.5 
26.2 
52.4 
18.2 

0.7 

2.0 
26.6 
55.5 
15.5 

0.4 

0.9 
20.8 
57.8 
19.9 

0.6 

9.8 
52.3 
35.0 

2.9 
0 

4.1 
43.7 
45.9 

6.3 
0 


1.4 
25.3 
57.5 
15.4 

0.4 

1.5 
24.7 
56.2 
17.1 

0.5 

1.4 
25.9 
58.6 
13.8 

0.3 

0.7 
20.4 
60.3 
18.2 

0.4 

4.6 
46.4 
45.0 
3.9 
0.1 

3.1 
40.9 
50.5 

5.3 

0.2 


1.5 
23.8 
57.4 
16.9 

0.4 

1.8 
23.1 
56.1 
18.5 

0.5 

1.1 
24.5 
58.7 
15.5 

0.2 

0.6 
17.4 
61.0 
20.6 

0.4 

4.6 
46.7 
44.8 
3.8 
0.1 

3.2 
40.1 
50.3 

6.3 

0.1 


Less  than  200— Simple  arithmetic  factb.  Students  at  this  level  know 
some  basic  addition  and  subtraction  facts,  and  most  can  add  two-digit 
numbers  without  regrouping.  They  recognize  simple  situations  in  which 
addition  and  subtraction  apply.  They  also  are  developing  rudimentary 
classification  skills. 

200 — Beginning  skills  and  understandings.  Students  at  this  level 
have  considerable  understanding  of  two-digit  nurr.bers.  They  can  add 
two-digit  numbers,  but  are  still  developing  an  ability  to  regroup  in 
subtraction.  They  know  some  basic  multiplication  and  division  facts, 
recognize  relations  among  coins,  can  read  information  from  charts  and 
graphs,  and  use  simple  measurement  instruments.  They  are  develop- 
ing some  reasoning  skills. 

250~Basjc  operations  and  beginning  problem-solving.  Students 
at  this  level  have  an  initial  understanding  of  the  four  basic  operations. 
They  aie  able  to  apply  whole  number  addition  and  subtraction  skills  to 
one-step  word  problems  and  money  situations.  In  multiplication,  they 
can  line]  the  product  of  a  two-digit  and  a  one  digit  numbb^  They  can 
also  compare  information  from  graphs  and  charts  and  are  developing 
an  ability  to  analyze  simple  logical  relations. 


300— Moderately  complex  procedures  and  reasoning.  Students  at 
this  level  are  developing  an  understanding  of  number  systems.  They 
can  compute  with  decimals,  simple  fractions,  and  commonly 
encountered  percents.  They  can  identify  geometric  figures,  measure 
lengths  and  angles,  and  calculate  areas  of  rectangles.  These  students 
are  also  able  to  interpret  simple  inequalities,  evaluate  formulas,  and 
solve  simple  linear  equations  They  can  find  averages,  make  decisions 
on  information  drawn  from  graphs,  and  use  logical  reasoning  to  solve 
problems.  They  are  developing  the  skills  to  operate  with  signed 
numbers,  exponents,  and  square  roots. 

350— Multi-step  problem-solving  and  algebra  Students  at  this  level 
can  apply  a  range  of  reasoning  skills  to  solve  multi-step  pro'Dlems. 
They  can  solve  routine  problems  involving  fractions  and  percents. 
recognize  properties  of  basic  geometric  figures,  and  work  with 
exponents  and  square  roots.  They  can  solve  a  variety  of  two-step 
problems  using  variables,  identify  equivalent  algebraic  expressions, 
and  solve  linear  equations  and  inequalities.  They  are  developing  an 
understanding  of  functions  and  coordinate  systems. 


NAEP  •  National  Assessmenl  of  Educational  Pfogjess 

SOURCF  FducaJion.il  Tf«;tinn  Service  Trpnds  in  Ac:idemir  P'ogrrf^s  {^ashinc}\ori  DC  Nntio^.il  O'n'pr  lor  Educntior  Stntislics  1991) 

Scwnco  &  Engmeefing  Indicators  -  1993 


Science  &  Engineering  Indicators  -  1993 


♦  233 


Appendix  table  1-11. 

Distribution  of  student  proficiency  scores  on  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity  for  age  17: 1978-90 


Sex.  race  ethnicity,  and  score  range  1978 


All  students 

Less  than  200    0.2 

200-249   7.8 

250-299   40.5 

300-349   44.2 

350  or  more   7.3 


1982  1986  1990 


Percent 

0.1  0.1  0 

6.9  4.3  4.0 

44.5  43.9  39.9 

43.0  45.2  48.9 

5.5  6.5  7.2 


Male 

Less  than  200    0.1 

200-249   6.9 

250-299   37.9 

300-349   45.6 

350  or  more   9.5 


0  0.1  0.1 

6.1  3.8  4.1 

42.0  41.5  38.2 

45.0  46.2  48.8 

6.9  8.4  8  8 


Female 

Less  than  200    0.3  0.1  0  0 

200-249.'   8.7  7.8  4.9  3.8 

250-299    42.8  46.8  46.2  41.5 

300-349   43.0  41.2  44.?.  49.1 

350  or  more   5.2  4.1  4.7  5.6 

White 

Less  than  200    0  0  0  0 

200-249   4.4  3.8  2.0  2.4 

250-299   38.0  41.5  38.9  34.4 

300-349   49.1  48.3  51.2  54  9 

350  or  more   8.5  6.4  7.9  8.3 

Black 

Less  than  200    1.2  0.3  0  0.1 

200-249   28.1  23.3  14.4  7.6 

250-299   53.9  59.3  64.8  59.6 

300-349   16.3  16.6  20.6  30.8 

350  or  more    0.5  0.5  0.2  2.0 

Hispanic 

Less  than  200    0.7  0.2  0.6  0.4 

200-249   21.0  18.4  10.1  13.8 

250-299   54.9  59.8  62.3  55.7 

300-349   22.0  20.9  25.4  28.2 

350  or  more   i  -4  07  ^1  1-9 

NAEP  ^  National  Assessment  o(  Educational  Progress 

NOTE  See  appendix  table  1-1 0  for  descriptions  of  proficiency  levels 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC.  National  Center  for  Education  Statistics.  1991 1. 
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Appendix  A.  Appendix  Tables 


Appendix  table  1  -12. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  science  test,  by  sex  and  race/ethnicity 
for  age  13: 1977-90 


Sex.  race -ethnicity,  and  score  range  1 977  1982  1986  1990 

Percent 

All  students 

Less  than  200    14.0  10.2  8.4  7.7 

200-249   37.2  38.9  39.1  35.8 

250-299   37.7  41.3  43.4  45.3 

300-349   10.4  9.2  8.9  10.8 

350  or  more   0.7  0.4  0.2  0.4 

Male 

Less  than  200    12.8  8.1  7.1  7.3 

200-249   34.9  35.7  35.6  32.9 

250-299   39.2  43.6  45.4  45.8 

300-349   12.2  12.1  11.6  13.4 

350  or  more   0.9  0.5  0.3  0.6 

Female 

Less  than  200   15.3  12.1  9.7  8.0 

200-249   36.3  41.9  42.6  38.7 

250-299   36.4  39.1  41.4  44.8 

300-349   8.6  6.7  6.2  8.3 

350  or  more   0.4  0.2  0.1  0.2 

White 

Less  than  200    7.8  5.6  3.9  3.1 

200-249   35.7  36.1  35.1  30.4 

250-299   43.1  46.8  49.7  52.3 

300-349   12.6  11.1  11.0  13.7 

350  or  more   0.8  0.4  0.3  0.5 

Black 

Less  than  200   42.7  31.4  26.4  22.4 

200-249   42.4  51.5  54.0  53.3 

250-299   13.7  16.3  18.5  22.8 

300-349   1.2  0.8  1.1  1.4 

350  or  more   0  0  0  0.1 

Hispanic 

Less  than  200    37  8  24.5  23.3  19.8 

200-249   44.1  51.4  51.8  50.2 

250-299   16.3  217  23.4  26.7 

300-349   1.8  2.4  1.5  3.2 

350  or  more   0  0  0  01  

NAEP  ^  National  Assessment  of  Educational  Progress 

SOURCE  Educational  Testing  Service.  Trends  m  Academic  Progress  (Washington.  DC  National  Center  for  Education  Statistics  1991 ). 
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Less  than  200— Knows  everyday  science  fi\cts.  Students  at  this 
level  know  some  general  scientific  facts  of  the  type  that  could  be 
learned  from  everyday  experiences.  They  can  read  simple  graphs, 
match  the  distinguishing  characteristics  of  animals,  and  predict  the 
operation  of  familiar  apparatuses  that  work  according  to  mechanical 
principles. 

200— Understands  simple  scientific  principles.  Students  at  this 
level  are  developing  some  understanding  of  simple  scientific 
pnnciples.  particularly  in  the  life  sciences.  For  example,  they  exhibit 
some  rudimentary  knowledge  of  the  structure  and  function  of  plants 
and  animals. 

250— Applies  basic  scientific  information.  Students  at  this  level  can 
interpret  data  from  simple  tables  and  make  mference*^  about  the 
outcomes  of  expenmental  procedures.  They  exhioit  knowiedge.and 
understanding  of  the  life  sciences,  including  a  lamihanty  wfth  s^onie. 
O    spects  of  animal  behavior  and  of  ecological  relationships  These 

ERIC 


siudents  also  demonstrate  some  knowledge  of  basic  information  from 
the  physical  sciences. 

300 — Analyzes  scientific  procedures  and  data.  Students  at  this 
level  can  evaluate  the  appropriateness  of  the  design  of  an  experiment. 
They  have  more  detailed  scientific  knowledge  and  the  skill  to  apply 
their  knowledge  in  interpreting  information  from  text  and  graphs.  These 
students  also  exhibit  a  growing  understanding  of  principles  from  the 
physical  sciences. 

350 — Integrates  specialized  scientific  information.  Students  at  this 
level  can  infer  relationships  and  draw  conclusions  using  detailed 
scientific  knowledge  from  the  physical  sciences,  particularly  chemistry. 
Vhey  also  can  apply  basic  pnnciples  of  genetics  and  interpret  the 
societal  implications  of  research  in  this  field. 
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Appendix  table  1-13. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  science  test,  by  sex  and  race/ethnlcity 
for  age  17: 1977-90 

Sex,  race/ethnicity,  and  score  range  1977  1982  1986  ^990  

-    -   Percent  -■         

All  students 

Less  than  200   2.9  4.3  2.9  3.3 

200-249   15.5  19.1  16.4  15.5 

250-299    39.9  39.3  39.4  37.8 

300-349   33.2  30.2  33.4  34.2 

350  or  more   8.5  7.1  7.9  9.2 

Male 

Less  than  200    2.2  3.2  2.6  3.2 

200-249   12.6  15.6  15.0  14.3 

250-299    36.4  36.0  33.6  34.3 

300-349   37.0  34.8  37.4  35.2 

350  or  more   11-8  10.4  11.4  13.0 

Female 

Less  than  200    3.6  5.4  3.1  3.4 

200-249   18.4  22.4  17.8  16.7 

250-299   43.2  42.3  45.0  41.2 

300-349   29.5  26.0  29.6  33.2 

350  or  more   5.3  3.9  4.5  5.5 

White 

Less  than  200    0.8  1.4  1.2  1.0 

200-249   11  0  13.7  11.0  9.4 

250-299    40.7  41.0  39.1  38.4 

300-349   37.5  35.3  39.1  39.8 

350  or  more   10.0  8.6  9.6  11.4 

Black 

Less  than  200   16.4  20.3  9.1  11.7 

200-249    43.1  44.7  38.7  36.9 

250-299   32.8  28.5  39.7  35.7 

300-349   7.3  6.6  11.6  14.2 

350  or  more   0.4  0.2  0.9  1.5 

Hispanic 

Less  than  200   6.9  13.1  6.7  8.1 

200-249    31.6  38.9  33.3  32.0 

250-299    43.0  36.9  45.2  38.8 

300-349   16.7  9.7  13.7  19.0 

350  or  more   1-8  1J  

NAEP  =  National  Assessment  of  Educational  Progress 

NOTE;  s'^.ee  appendix  table  1-12  for  descriptions  of  proficiency  levels. 

SOURCE-  Educational  Testing  Service.  Trends  m  Academic  Progress  {VJash\r\g\on.  DC:  National  Center  for  Education  Statistics.  1991). 
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Appendix  table  1-14. 

NAEP  mathematics  test  proficiency  levels,  by  age:  1990  and  1992 


4  . 

67 

(1.4) 

72- 

(0.9) 

8  . 

(0.7) 

97 

(0  4) 

12  . 

.  .  100 

(0.2) 

100 

(0.1) 

12 

(1.1) 

17' 

(0.8) 

65 

!l.4) 

68 

(1.0) 

88 

(0.9) 

9r 

(0.5) 

4  . 

0 

(0  1) 

0 

(0.1) 

8 

.  15 

fi.Oi 

20 

(0.9) 

12 

.  45 

(1.4) 

50- 

(1.2) 

Assessment  year 

Level  and  description  Grade  1990  1992 

Percentage  at  or  above  level 

200 — Addition  and  subtraction,  and  simple  problem  solving  with  whole  numbers.  Students 
at  this  level  can  identify  solutions  to  one-step  word  problems  involving  addition  or  subtraction.  They 
can  add  and  subtract  whole  numbers  in  mosi  situations,  and.  when  a  calculator  is  available,  they 
can  multiply  and  divide.  They  are  able  to  select  the  largest  whole  number  from  a  set  of  numbers  in 
the  thousands  and  can  match  numbers'  verbal  and  syrnbohc  names.  They  demo.istrate  familiarity 
with  length  and  weight  by  selecting  appropriate  instruments  and  units  to  measure  these  attributes 
They  are  able  to  recognize  some  basic  properties  of  two-dimensional  geometric  figures  as  weii  as 
the  names  of  standard  exam.ples  of  these  figures.  They  can  '•ecogmze  simple  patterns. 

250-Multiplication  and  division,  simple  measurement,  and  two-step  problem  solving.  When  4 
presented  with  a  problem  situation,  students  at  this  level  have  some  understanding  of  the  problem.  8 
can  identify  extraneous  information,  and  have  some  knowledge  of  when  to  use  computational  12 
estimation,  tney  have  an  understanding  of  addition,  subtraction,  multiplication,  and  division  with  whole 
nun^bers.  They  can  solve  simple  two-step  problems  involving  whole  numbers.  They  are  able  to  round 
wnole  numbers  and  solve  simple  word  problems  involving  place  value,  estimation,  and  multiples. 
Students  can  use  a  ruler  to  measure  length  in  centimeters  and  have  some  understanding  of  area  and 
oenmeter.  They  can  solve  problems  that  require  visualizing,  drawing,  or  manipulating  simple  geometnc 
shapes.  They  are  able  to  complete  bar  graphs  and  pictographs.  as  well  as  use  information  from  graphs 
or  tables  to  solve  simple  problems.  They  can  recognize  simple  number  patterns,  are  beginning  to  deal 
informally  with  the  .dea  of  a  variable,  and  have  some  knowledge  of  simple  probability. 

300 — Reasoning  and  problem  solving  involving  fractions,  decimals,  percents,  elementary 
concepts  in  geometry,  statistics,  and  algebra.  Students  at  this  level  can  use  various  strategies 
and  explain  their  reasoning  m  a  variety  of  problem-solving  situations  They  are  able  to  so'vt^ 
problems  involving  not  only  whole  numbers  but  with  decimals  and  fractions.  They  can  represent 
and  find  equivalent  fractions  and  use  these  concepts  m  solving  routine  problems.  They  can  ftnd 
a  percent  of  a  number  and  use  this  skill  m  simple  problems.  Multiplication  and  division  of  whole 
numbers  have  developed  to  the  extent  that  students  can  use  all  four  operations  m  multi-step 
problems.  Students  can  read  and  use  instruments  in  mce  complex  situations.  They  can  find 
areas  of  rectangles,  recognize  relationships  among  common  units  of  measure,  and  solve  routine 
problems  involving  similar  triangles  and  scale  drawings.  They  have  knowledge  of  definitions  and 
properties  of  simple  geometric  figures  m  the  plane.  Their  spatial  sense  includes  the  ability  to 
visualize  a  cube  m  either  three-space  or  its  flattened  form  in  a  plane.  Students  can  calculate 
averages,  select  and  interpret  data  from  a  variety  of  graphs,  list  the  possible  arrangements  in  a 
sample  space,  find  the  probability  of  a  simple  event,  and  have  a  beginning  understanding  of 
sample  bias.  They  can  use  knowledge  of  relative  frequencies  in  simple  simulation  situations. 
Students  show  the  ability  to  evaluate  simple  expressions  and  solve  linear  equations.  Students 
can  graoh  points  on  coordinate  axes,  locate  the  missing  coordinates  for  a  corner  of  a  square, 
and  identify  which  ordered  pans  satisfy  a  given  linear  equation. 

350 — Reasoning  and  problem  solving  involving  geometric  relationships,  algebra,  and  4  o    (0.0)  0    (0  0/ 

functions.  Students  at  this  level  can  reason  and  estimate  with  percents.  They  can  recognize  8  0    {0.2)  1  (0.2 

scientific  notation  and  find  the  decimal  equivalent.  They  can  apply  their  knowledge  of  area  and  12       ..5    (0.8i  6  iO.5) 

penmeter  of  simple  geometric  figures  to  solve  problems.  They  can  fmd  the  circumferences  of 

Circles  and  the  surface  areas  of  solid  figures.  They  can  solve  for  the  length  of  missmc  segments 

•n  more  complex  similarity  situations.  Students  can  apply  the  Pythagorean  Theorem  to  find  the 

hypotenuse  of  a  rigl^t  triangle  They  are  beginning  to  use  rectangular  coordinates  in  problem- 

solvng  Situations  and  can  apoly  geometrtc  properties  and  relationships  in  soivtng  problems 

Stuoents  can  compute  means  from  frequency  tables  and  create  a  sample  space  to  determine 

probabilities,  and  read  the  graph  of  a  step-function.  Students  can  use  exponents  and  evaluate 

expressions  given  m  funct'onal  notation  In  number  theory,  they  have  an  understanding  of  even 

and  odd  numbers  arid  their  properties.  They  can  identify  an  equation  describing  a  linear  relation 

oro.  ded  in  a  table  and  solve  literal  equations  and  systems  of  Kvo  linear  equations  They  have 

some  K'  o.v'edge  of  trigonometric  relations  These  students  can  represent  and  interpret  complex 

patterns  ana  ju'  i  usmg  numbers,  expressions,  and  graphs.  G,ven  the  graph  of  a  ^unction  they 

can  identity  its  zeros  and  the  effect  on  the  g''aph  of  taking  the  absolute  value  of  the  funct'Or: 

'  •  <»  g^'tf-cart.y  ^'g'-e' t^.-K  199C  ^a'je  a!  aDcu*  I'^e  95  pefcef^t  cof^'^d^-^ce  mte'va'  NAEP  -  Nat'O":^  Asst'ss'^-^'^t    Educat'O'^a'  Progress 
NOTE  Siand-TO  e"'o^$  ^--e  s'^ow-  pa^e'^t'^esef 


Sc-erce  S  E'~g '"ee'-'^g  i^d Ciitc's  ■  '993 
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Appendix  table  1-15. 

NAEP  mathematics  test  achievement  levels  for  grade  4,  by  sex  and  race/ethnicity:  1990  and  1992 


Achievement  level' 

Sex  and  race/ethnicity  Average  score       Proportion  of  total        Advanced       Proficient         Basic         Below  basic 


Percent 


All  students 

1990  .  .  . 

.  213(0.9) 

100 

1 

12 

41 

46 

1992  .  .  . 

.  218(07) 

100 

2 

16 

43 

39 

Male 

1990  .  .  . 

.  214(1.2) 

52 

2 

12 

41 

45 

1992  .  .  . 

.   220  (0.8) 

50 

3 

17 

42 

38 

Female 

1990  .  .  . 

.  212(1.1) 

48 

1 

12 

40 

47 

1992  .  . 

.  217(1.0) 

50 

2 

15 

42 

41 

White 

1990  .  . 

.    220  (1.1) 

70 

2 

15 

47 

36 

1992  .  . 

.    227  (0.9) 

70 

3 

20 

49 

28 

Asian 

1990  .  . 

.    228  (3.5) 

2 

4 

20 

45 

31 

1992  .  . 

.    231  (2.4) 

2 

5 

25 

46 

24 

Black 

1990  .  . 

.  189(1.8) 

15 

0 

2 

20 

78 

1992  .  . 

.  192(1.3) 

16 

0 

3 

21 

76 

Hispanic 

1990 .  . 

.  198(2.0) 

10 

0 

5 

29 

66 

1992  .  . 

.    201  (1.4) 

10 

0 

6 

31 

63 

Native  American 

1990  .  . 

.    208  (3.9) 

2 

0 

5 

43 

52 

1992  .  . 

.  .    209  (3.2) 

2 

2 

8 

36 

54 

For  fourth  graders  the  five  NAEP  content  areas  are  t1 )  numbers  and  operations;  (2}  measurement:  (3)  geometry.  (4)  data  analysis,  statistics,  and  probability:  and  (5) 
algebra  and  functions.  At  the  fourth  grade  level,  algebra  functions  are  treated  in  informal  and  exploratory  ways,  often  through  the  study  of  patterns.  Skills  are 
cumulative  across  levels— from  basic  to  proficient  to  advanced. 

•  Basic  (211).  Fourth  graders  performing  at  the  basic  level  should  be  able  to  estimate  and  use  basic  facts  to  perform  simple  computations  v/ith  whole 
numbers,  show  some  understanding  of  fractions  and  decimals,  and  solve  some  simple  real-world  problems  in  all  NAEP  content  areas.  Students  at  this 
level  should  be  able  to  use — though  not  always  accurately— four-function  calculators,  rulers,  and  geometric  shapes.  Their  written  responses  are  often 
mintmal  ai.rl  prasented  without  supporting  information. 

•  Proficient  (248).  Fourth  graders  performing  a!  the  proficient  level  should  be  able  to  use  whole  numbers  to  estimate,  compute,  and  determine  whether 
results  are  reasonable.  They  should  have  a  conceptual  understanding  of  fractions  and  decimals;  be  able  to  solve  real-world  problems  in  all  NAEP 
content  areas:  and  use  four-function  calculators,  rulers,  and  geometric  shapes  appropriately.  They  should  employ  problem-solving  strategies  such  as 
identifying  and  using  appropriate  information.  Their  written  solutions  should  be  organized  and  presented  ooth  with  supporting  information  and 
explanations  of  how  they  were  achieved. 

•  Advanced  (280).  Fourth  graders  performing  at  the  advanced  level  should  be  able  to  solve  complex  and  nonroutine  real- world  problems  in  all  NAEP 
content  areas  They  should  display  mastery  in  the  use  of  tour-function  calculators,  rulers,  and  geometric  shapes.  These  students  are  expected  to  draw 
logical  conclusions  and  justify  answers  and  solution  process  by  explaining  why.  as  well  as  how.  they  were  achieved.  They  should  go  beyond  the  obvious 
in  their  interpretations  and  be  able  to  communicate  their  thoughts  clearly  and  concisely. 

NAEP  ^  National  Assessment  of  Educational  Progress 

NOTE  Standard  errors  are  shown  m  parentheses 

Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level 

SOURCE  National  Center  for  Education  Statistics.  NAEP  1992  Mathematics  Report  Card  for  the  Nation  and  the  States  (Washington.  DC'  1993) 

See  figure  1  -4  and  text  table  1  ■  1  Science  &  Engineering  Indicators  -  1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-16. 

NAEP  mathematics  test  achievement  levels  for  grade  8,  by  sex  and  race/ethnicity:  1990  and  1992 


Achievement  leveP 


Race/ethnicity 


Average  score       Proportion  of  total 


Advanced 


Proficient 


Basic 


Below  basic 


•  -  Percent  - 

-   

All  students 

1990. . . 

.   263  (1.3) 

100 

2 

18 

38 

42 

1  c^c^^  .  .  . 

0<?Q  /fl  Q\ 

A 

oo 

37 

Male 

1990  .  .  . 

.    263  (1.6) 

51 

3 

18 

37 

42 

0  1 

A 
*!■ 

97 

oo 

Female 

1990. 

.    262  (1.3) 

49 

2 

16 

41 

41 

■i  QQO 

lyy^  .  .  . 

ORP  f\\ 

ty 

A 

'^7 

White 

1990  .  . 

.    270  (1.4) 

71 

3 

21 

44 

32 

1  QQO 

1  yy^  .  . 

077  /1  C\\ 

f  u 

A 

42 

PR 

Asian 

1990.  . 

.    279  (4.8) 

2 

6 

32 

33 

24 

1992  .  . 

,   288  (5.5) 

2 

14 

30 

OD 

20 

Black 

1990  .  . 

.    238  (2.7) 

15 

0 

6 

22 

72 

1992  .  . 

.    237  (1.4) 

16 

0 

3 

24 

73 

Hispanic 

1990  .  . 

.    244  (2.8) 

10 

0 

6 

32 

62 

1992  .  . 

.    246  (1.2) 

10 

1 

7 

31 

61 

Native  American 

1990  .  . 

.    246  (9.4) 

2 

0 

9 

30 

61 

1992  .  . 

.    254  (2.8) 

1 

0 

9 

38 

53 

For  eighth  graders,  the  five  NAEP  content  areas  are  {1 )  numbers  and  operations:  (2)  measurement;  (3)  geometry;  (4)  data  analysis,  statistics,  and  probability;  and  (5) 
algebra  and  functions.  Skills  are  cumulative  across  levels— from  basic  to  proficient  to  advanced. 

•  Basic  (256).  Eighth  graders  performing  at  the  basic  level  should  complete  problems  correctly  with  the  help  of  structural  prompts  such  as  diagrams, 
charts,  and  graphs.  They  should  be  able  to  solve  problems  in  all  NAEP  content  areas  through  the  appropriate  selection  and  use  of  strategies  and 
technological  tools— including  calculators,  computers,  and  geometric  shapes.  Students  at  this  level  also  shouid  be  able  to  use  fundamental  algebraic 
and  informal  geometric  concepts  in  problem  solving.  As  they  approach  the  proficient  level,  students  at  the  basic  level  should  be  able  to  determine  which 
of  available  data  are  necessary  and  sufficient  for  corr  rCt  solutions  and  use  them  in  problem  solving.  However,  these  eighth  graders  show  limited  skill  in 
communicating  mathematically. 

•  Proficient  (294).  Eighth  graders  performing  at  the  proficient  level  should  be  able  to  conjecture,  defend  their  ideas,  and  give  supporting  examples.  They 
should  understand  the  connections  between  fractions,  percents.  decimals,  and  other  mathematical  topics  such  as  algebra  and  functions.  Students  at 
this  level  are  expected  to  have  a  thorough  understanding  of  basic  level  arithmetic  operations — an  understanding  sufficient  for  problem  solving  in 
practical  situations.  Quantity  and  spatial  relationships  in  problem  solving  and  reasoning  should  be  familiar  to  them,  and  they  should  be  able  to  convey 
underlying  reasoning  skills  beyond  the  level  of  arithmetic.  They  should  be  able  to  compare  and  contrast  mathematical  ideas  and  generate  their  own 
examples.  These  students  should  make  inferences  from  data  and  graphs,  apply  properties  of  informal  geometry,  and  accurately  use  the  tools  of 
technology.  They  should  understand  the  process  of  gathering  and  organizing  data  and  be  able  to  calculate,  evaluate,  and  communicate  results  within 
the  domain  of  statistics  and  probability. 

•  Advanced  (331).  Eighth  graders  performing  at  the  advanced  level  shouid  be  able  to  probe  examples  and  counter  examples  in  order  to  shape 
generalizations  from  which  they  can  develop  models.  They  should  use  number  sense  and  geometric  awareness  to  consider  the  reasonableness  of  an 
answer.  They  are  expected  to  use  abstract  thinking  to  create  unique  problem-solving  techniques  and  explain  the  reasoning  processes  underlying  their 
conclusions. 

NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

'Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level. 

SOURCE:  National  Center  for  Education  Statistics.  NAEP  1992  Mathematics  Report  Card  for  the  Nation  and  the  States  (Washington,  DC:  1993). 

See  figure  1-4  and  text  table  1  -1 .  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-17. 

NAEP  mathematics  test  achievement  levels  for  grade  12,  by  race/ethnicity:  1990  and  1992 


Achievement  level' 

Race  ethnicity  Average  score       Proportion  of  total        Advanced       Proficient        Basic  Below  basic 


Percent 


All  students 

1990.  . 

.  294(1.1) 

100 

2 

11 

46 

41 

1992  .  . 

.  299(0.9) 

100 

2 

14 

48 

36 

Male 

1990  .  . 

297(1.4) 

48 

3 

13 

45 

39 

1992.  . 

.    301  (1.1) 

49 

3 

15 

47 

35 

Female 

1990.  . 

.  292(1.3) 

52 

1 

9 

47 

43 

1992  .  . 

.  297(1.0) 

51 

1 

13 

49 

37 

White 

1990  .  . 

.  300(1.2) 

74 

2 

14 

51 

33 

1992.  . 

.  .   305  (0.9) 

71 

2 

17 

53 

28 

Asian 

1990  .  . 

.  .    311  (5.2) 

3 

5 

20 

51 

24 

1992  .  . 

.  .  315(3.5) 

4 

6 

25 

50 

19 

Black 

1990  .  . 

.  .  268(1.9) 

14 

0 

2 

26 

72 

1992  .  . 

.  .  275(1.7) 

15 

0 

3 

31 

66 

Hispanic 

1990  .  . 

.  .    276(2  8) 

8 

0 

4 

33 

63 

1992  .  . 

.  .    283  (1.8) 

10 

1 

5 

39 

55 

Native  American 

1990  .  . 

.  288(10.2) 

1 

0 

4 

58 

38 

1992  .  . 

.    281  (9.0) 

1 

0 

4 

42 

54 

For  12th  graders,  the  five  NAEP  content  areas  are  (1)  numbers  and  operations.  (2)  measurement  (3i  geometry.  (4)  data  analysis,  statistics,  and  probability;  and  (5) 
algebra  and  functions.  Skills  are  cumulative  across  levels— from  basic  to  proficient  to  advanced. 

•  Basic  (287).  Twelfth  grade  students  performing  at  the  baste  level  should  be  able  to  use  estimation  to  verify  solutions  and  determine  the  reasonableness 
o(  resulis  as  applied  to  real-world  problems  They  are  expected  to  use  algebraic  and  geometric  reasoning  strategies  to  solve  problems.  They  should 
recognize  relationships  presented  in  verbal,  algebraic,  tabular,  and  graphical  forms:  and  demonstrate  knowledge  of  geometnc  relationships  and 
corresponding  measurement  skills  They  should  be  able  to  apply  statistical  reasoning  m  the  organization  and  display  of  data  and  in  reading  tables  and 
graphs.  They  also  should  be  able  to  generalize  from  patterns  and  examples  m  the  areas  of  algebra,  geometry,  and  statistics  At  this  level,  they  should 
use  correct  matriematical  language  and  symbols  to  communicate  mathematical  relationships  and  reasoning  processes,  and  use  calculators 
appropriately  to  solve  problems. 

•  Proficient  (334).  Twelfth  graders  performing  at  the  proficient  level  should  demonstrate  an  understanding  of  algebraic,  statistical,  and  geometric  and 
spatial  reasoning  They  should  be  able  to  perform  algebraic  operations  involving  polynomials,  justify  geometric  relationships,  and  judge  and  defend  the 
reasonableness  of  answers  as  applied  to  real-world  situations.  These  students  should  be  able  to  analyze  and  interpret  data  in  tabular  and  graphical 
form:  understand  and  use  elements  of  the  function  concept  in  symbolic,  graphical,  and  tabular  fornr.:  and  make  conjectures,  defend  ideas,  and  give 
supporting  examples 

•  Advanced  (366)  Twelfth  grade  students  pe.iorming  at  the  advanced  level  should  understand  the  function  concept:  and  be  able  to  compare  and  apply 
the  numeric,  algebraic,  and  graphical  properties  of  functions.  They  should  apply  their  knowledge  of  algebra,  geometry,  and  statistics  to  solve  problems 
in  more  advanced  areas  of  continuous  and  discrete  mathematics.  They  should  be  able  to  formulate  generalizations  and  dfcate  models  through  probing 
examples  and  counter  examples.  They  should  be  able  to  commun'cate  their  mathematical  reasoning  through  the  clear,  concise,  and  correct  use  of 
mathematical  symbolism  and  logical  thinking. 

NAEP  --:  National  Assessment  of  Educational  Progress 

NOTE:  Standard  errors  are  shown  in  parentheses 

Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level 

SOURCE  National  Center  for  Education  Statistics.  NAEP  1992  Mathem^hc<;  Report  C<irdfor  the  Nation  and  the  States  (Washington.  DC:  1993). 

See  figure  1-4  and  text  table  1-1  Science  &  Engmeenng  Indicators  -  1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  1-18. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— al!  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

Number 

Percent 

1987 

Total  test-takers .  . 

1.080.426 

520.326 

560.100 

200-249   

1 1 .823 

4.377 

7.446 

1.1 

0  8 

1.3 

250-299   

60.562 

22.100 

38.462 

5.6 

^.2 

6.9 

300-349   

98.146 

37.270 

60.876 

9.1 

7.2 

10.9 

350-399   

136.231 

54.035 

82,196 

12.6 

10.4 

14.7 

400-449   

153.459 

64,848 

88,611 

14.2 

12.5 

15.8 

450-499   

162.476 

73.681 

88.795 

15.0 

14.2 

15.9 

500-549   

137,116 

68,048 

69.068 

12.7 

13.1 

12.3 

550-599   

122,642 

66.808 

55.834 

11.4 

12.8 

10.0 

600-649   

90.548 

53.871 

36.677 

8.4 

10.4 

6.5 

650-^99  

65.698 

43.266 

22,432 

6.1 

8.3 

4.0 

700-749   

30.737 

22,897 

7,840 

2.8 

4.4 

1.4 

750-800   

10.988 

9.125 

1,863 

1.0 

1.8 

0.3 

1992 

Total  test-takers .  . 

1.034.131 

491748 

542.383 

200-249   

13.414 

4.982 

8.432 

1.3 

1,0 

1.6 

250-299   

52,302 

19,362 

32,940 

5.1 

3.9 

6.1 

300-349   

97,115 

37.135 

59,980 

9.4 

7.6 

11.1 

350-399   

128.711 

51.452 

77,259 

12.4 

10,5 

14.2 

400-449   

143.226 

60,496 

82,730 

13.8 

12.3 

15.3 

450-499   

150,941 

68.108 

82,833 

14.6 

13.9 

15.3 

500-549   

150.284 

73.137 

77,147 

14.5 

14.9 

14.2 

550-599   

110.741 

58.305 

51.936 

10.7 

12.0 

9.6 

600-649   

82,996 

48.034 

34,962 

8.0 

9.8 

6.4 

650-699   

56,882 

36,001 

20,881 

5,5 

7.3 

3.8 

700-749  . . . 

33,387 

23.209 

10.178 

3.2 

4.7 

1.9 

750-800   

14.132 

11,027 

3,105 

1.4 

2.2 

0.6 

SAT  =  Scholastic  Aptitude  Test 

SOURCES  The  College  Board.  College-Bound  Seniors  1987  Pronte  of  SAT  and  Achievement  Test  Takers  (Princeton'  Educational  Testing  Service.  1987);  and  The 
College  Board.  College-Bound  Seniors-  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1992). 

See  figures  1-7  and  1-8  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-19. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— white  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

Number - 

Percent 

1987 

Total  test-takers   788,61 3  378,278  41 0,335 

200-249    4,346  1,501  2.845  0.6  0.4  0.7 

250-299    28.893  9.947  18,946  3.7  2.6  4.6 

300-349    57,838  21,015  36.823  7.3  5.6  9.0 

350-399    91,828  35,175  56,653  11.6  9.3  13.8 

400-449    113.172  46,106  67.066  14.4  12.2  16,3 

450-499    125,741  55.316  70,425  15.9  14.6  17.2 

500-549    109.576  53.251  56.325  13.9  14.1  13.7 

550-599    99,391  53,244  46,147  1  2.6  1  4,1  11,2 

600-649    73,253  43.287  29.966  9.3  11.4  7,3 

650-699    52,908  34,853  18,055  6.7  9.2  4.4 

700-749    23.679  17,839  5.840  3.0  4.7  1.4 

750-800    7.988  6,744  1.244  1.0  1.8  0,3 

1992   

Total  test-takers   680,806  321,665  359,141 

200-249    4.181  1,403  2.778  0.6  0.4  0.8 

250-299    20,993  7.188  13.805  3.1  2.2  3.8 

300-349    49.044  17,681  31.363  7.2  5.5  8.7 

350-399    77.003  29,208  47.795  11.3  9.1  13.3 

400-449    95.104  38,521  56.583  14.0  12.0  15.8 

450-499    107.209  46,931  60.278  15.7  14.6  16.8 

500-549    111,367  53.118  58.249  16.4  16.5  16.2 

550-599    83.059  43,600  39.459  12.2  13.6  11.0 

600-649    61.710  35.642  26,068  9.1  11.1  7.3 

650-699    40,740  25,985  14,755  6.0  8.1  4.1 

700-749    22,153  15,746  6.407  3.3  4.9  1-8 

750-800    8,243  6^642  ^^601  2J  OA 

SAT  =  Scholastic  Aptitude  Test 

SOURCES-  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  {Pr\nce\on:  Educational  Testing  Service.  1987):  and  The 
College  Board.  College-Bound  Seniors:  1992  Profile  of  SAT  and  Acfiievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1992). 

See  figures  1-8  and  1-9.  ^^^^"^^  ^  Engineering  Indicators  ~  1993 
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Appendix  table  1-20. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex — Asian  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

Number 

Percent 

1987 

Total  test-fakers  

58,216 

30.220 

27.996 

200-249   

  434 

178 

256 

0.7 

0.6 

0.9 

250-299   

  2.005 

830 

1.175 

3.4 

2.7 

4.2 

300-349   

3.512 

1.435 

2.077 

6.0 

4.7 

7.4 

350-399   

  5.318 

2.206 

3,112 

9.1 

7.3 

11.1 

400-449   

  6,472 

2.948 

3.524 

11.1 

9.8 

12.6 

450-499   

  7.503 

3.554 

3.949 

12.9 

11.8 

14.1 

500-549   

  7.076 

3.535 

3.541 

12.2 

11.7 

12.6 

550-599   

  7.270 

3.846 

3.424 

12.5 

12.7 

12.2 

600-649   

  6.820 

3.802 

3.018 

11.7 

12.6 

10.8 

650-699   

  5.885 

3.649 

2.236 

10.1 

12.1 

8.0 

700-749   

  3.976 

2.730 

1.246 

6.8 

9.0 

4.5 

750-800   

  1.945 

1,507 

438 

3.3 

5.0 

1.6 

1992 

Total  test-takers  

  78.387 

39.182 

39.205 

200-249   

  609 

213 

396 

0.7 

0.6 

0.8 

250-299   

.  .    .  .  2.280 

866 

1.414 

2.6 

2.4 

2.7 

300-349   

  4.383 

1.705 

2.678 

5.6 

4.4 

6.8 

350-399   

  6.453 

2,641 

3.812 

8.2 

6.7 

9.7 

400-449   

  8.017 

3,455 

4.562 

10.2 

8.8 

11.6 

450-499   

  9,330 

4.198 

5.132 

11.9 

10.7 

13.1 

500-549   

  10.569 

5.030 

5.539 

13.5 

12.8 

14.1 

550-599   

  9.539 

4.788 

4.751 

12.2 

12.2 

12.1 

600-649   

  8.951 

4.827 

4,124 

11.4 

12.3 

10.5 

650-699   

  7.816 

4.511 

3.305 

10.0 

11.5 

8.4 

700-749   

  6.443 

4.065 

2.378 

8.2 

10.4 

6.1 

750-800   

  3.997 

2.883 

1.114 

5.1 

74 

2  8 

SAT  =  Scholastic  Aptitude  Test 

SOURCES-  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Tinkers  (Princeton.  Educational  Testing  Service.  1987):  and  The 
College  Board.  College-Bound  Seniors  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1992) 


See  figures  1-8  and  1-9. 
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Appendix  table  1-21. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— black  students:  1987  and  1992 


Score  range 

AH  Students 

Males 

Females 

All  students 

Males 

Females 

-  Percent  ■ 

— Number  

1987 

Total  test-takers  

88.037 

36.193 

51.844 

200-249   

3,928 

1,471 

2,457 

4.5 

4.1 

4.7 

250-299   

15.992 

5.796 

10.196 

18.2 

16.0 

19.7 

300-349   

18,060 

6,766 

11,294 

20.5 

18.7 

21.8 

350-399   

17,242 

6.705 

10.537 

19.6 

18.5 

20.3 

400-449   

12,626 

5.293 

7,333 

14.3 

14.6 

14.1 

450-499   

9,098 

4,089 

5,009 

10.3 

11.3 

9.7 

500-549   

5.121 

2.520 

2,601 

5.8 

7.0 

5.0 

550-599   

3,190 

1.788 

1,402 

3.6 

4.9 

2.7 

600-649   

1,684 

1,002 

682 

1.9 

2.8 

1.3 

650-699   

795 

525 

270 

0.9 

1.5 

0.5 

700-749   

252 

195 

57 

0.3 

0.5 

0.1 

750-800   

49 

43 

6 

0.1 

0.1 

0.0 

1992 

99.126 

41,649 

57,477 

4.3 

3.8 

4.6 

200-249   

4,257 

1,595 

2.662 

14.6 

13.2 

15.6 

250-299   

14.444 

5.497 

8.947 

20.7 

19.1 

22.0 

300-349   

20.564 

7,946 

12.618 

19.4 

18.7 

20.0 

350-399   

19,273 

7.790 

1 1 .483 

15.3 

15.4 

15.2 

400-449   

15.181 

6,418 

8,763 

11.0 

11.7 

10.5 

450-499   

10,867 

4,860 

6,007 

7.4 

8.4 

6.7 

500-549   

7.379 

3,516 

3.363 

3.8 

4.7 

3.1 

550-599   

3.757 

1,957 

1.800 

2.0 

2.8 

1.5 

600-649   

2,018 

1,161 

857 

1.0 

1.5 

0.6 

650-699   

956 

610 

346 

0.3 

0.6 

0.2 

700-749   

340 

231 

109 

0.1 

0.2 

0.0 

750-800   

  90 

68 

22 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1 987);  and  The 
College  Board.  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1992). 

See  figures  1-8  and  1-9.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-22. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Hispanic  students:  1987  and  1992 
(page  1  of  2) 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

Number 

Percent 

Latin  Americans 

Total  test-takers,  1987 

18.895 

10,157 

9.997 

200-249   

422 

1.398 

283 

2.2 

13.8 

2.8 

250-299   

1.903 

648 

1.255 

10.1 

6.4 

12.6 

oUU— o4d   

A  CC>I 

919 

1 .635 

13.5 

9.0 

16.4 

OCA  OAO 

obu-oyy   

O  Ah  a 

1 .217 

1 .797 

16.0 

12.0 

18.0 

A  c\r\    A  aC\ 

4UU— 44y   

.  .  .  2.953 

1 .318 

1 .635 

15.6 

13.0 

16.4 

4oU— 4yy   

.  .  .  2.649 

1 .341 

1 .308 

14.0 

13.2 

13.1 

C  AA     C  A(\ 

bU0-b4y   

1 .980 

1 ,095 

885 

10.5 

10.8 

8.9 

CCA  CAA 

Dou-byy  ....   

1  ..507 

894 

613 

8.0 

8.8 

6.1 

CAA  CACi 

buU— b4y   

ACC 

.  .  .  ybb 

d44 

321 

5.1 

6.3 

3.2 

CCA  CAA 

Doo-byy   

coo 

.  .  .  b<:o 

A  A*^ 

442 

181 

3.3 

4.4 

1 .8 

TA  A    "7  yi  A 

'0U-74y   

-  .  .  <ib7 

187 

70 

1 .4 

1 .8 

0.7 

7CA  QAA 

/oU-oUU   

...  68 

C  A 

b4 

14 

0.4 

0.5 

0.1 

Total  test-takers,  1992  .  .  . 

.    .  26.766 

12.040 

14.726 

200-249   

684 

221 

463 

2.6 

1.8 

3.1 

250-299   

2.311 

722 

1.589 

8.6 

6.0 

10.8 

300-349   

3.845 

1.381 

2.464 

14  4 

11.5 

16.7 

350-399   

4.401 

1.715 

2.686 

16.4 

14.2 

18.2 

400-449   

3.987 

1.718 

2.269 

14.9 

14.3 

15.4 

450-499   

3.697 

1.735 

1.S62 

13.8 

14.4 

13.3 

500-549   

3.103 

1.597 

1.506 

11.6 

13.3 

10.2 

550-59b   

2.050 

1.162 

888 

7.7 

9.7 

6.0 

600-649   

1.361 

858 

503 

5.1 

7.1 

3.4 

650-699   

799 

529 

27C 

3.0 

4.4 

1.8 

700-749   

403 

300 

■«03 

1.5 

2.5 

0.7 

750-800   

125 

102 

23 

0.5 

0.8 

0.2 

Mexican-Americans 

Total  test-takers,  1987 

20.714 

9.605 

11.109 

200-249   

361 

123 

238 

1.7 

1.3 

2.1 

250-299   

1.916 

639 

1.277 

9.2 

6.7 

11.5 

300-349   

3.103 

1.145 

1.958 

15.0 

11.9 

17.6 

350-399   

3.783 

1.483 

2.300 

18.3 

15.4 

20.7 

400-449   

3.455 

;.544 

1.911 

167 

16.1 

17.2 

450-499   

3.054 

1.530 

1.524 

14.7 

15.9 

13.7 

500-549   

1.967 

1.079 

888 

9.5 

11.2 

8.0 

550-599   

1.564 

953 

611 

7.6 

9.9 

5.5 

600-649   

890 

618 

272 

4.3 

6.4 

2.4 

650-699   

427 

328 

99 

2.1 

3.4 

0.9 

700-749   

145 

118 

27 

0.7 

1.2 

0.2 

750-800   

49 

45 

4 

0.2 

0.5 

0.0 

Total  test-takers,  1992  . 

30.336 

13.751 

16.585 

200-249   

606 

207 

399 

2.0 

1.5 

24 

250-299   

2.523 

815 

1.708 

8.3 

5.9 

10.3 

300-349   

4.460 

1.666 

2.794 

147 

12.1 

16.8 

350-399   

5.385 

2.157 

3.228 

17.8 

15.7 

19.5 

400-449   

5.283 

2.246 

3.037 

17.4 

16.3 

18.3 

450-499   

4.335 

2.093 

2.242 

14.3 

15.2 

13.5 

500-549   

.    .  3.513 

1.845 

1.663 

11.6 

13.4 

10  1 

550-599   

.    .  2.063 

1.212 

851 

6.8 

8  8 

5  ' 

600-649   

1.187 

761 

426 

3.9 

5  5 

2.6 

650-690   

636 

466 

170 

2.1 

3.4 

1.0 

700-749   

271 

215 

56 

0.9 

1.6 

0.3 

750-800   

74 

68 

6 

02 

0.5 

00 

(continued} 
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Appendix  table  1-22. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Hispanic  students:  1987  and  1992 

(page  2  of  2) 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

■  Number  -- 

Percent 

Puerto  Ricans 

Total  test-takers,  1987  . 

10.304 

4,636 

5.668 

200-249   

412 

131 

281 

4.0 

2.8 

5.0 

250-299   

1.428 

475 

953 

13.9 

10.2 

16.8 

1  ft9^ 

1 .1 19 

1 7.7 

15.2 

19.7 

1  ftAQ 

If** 

1  07*^ 

1 7.9 

1 6.7 

19.0 

/inn  AACk 

1 

OOO 

14.8 

14.7 

14.9 

A^r\  AQCk 

1 

13  0 

14.6 

1 1 .6 

cnn  R/iQ 

7P9 

oo  / 

7.6 

9.6 

5.9 

ccri  CQQ 

218 

5.6 

7.7 

3.8 

1  P 

1 09 

3.0 

4.4 

1.9 

1  Aft 

1  O  1 

^7 

1 .8 

2.8 

1.0 

^^ 

An 

1 1 

0.5 

0.9 

0.2 

1  7 

1  ij 

2 

0.2 

0.3 

0.0 

Total  test-lakers.  1992  .  .  . 

12,091 

5.304 

6.795 

200-249   

458 

163 

295 

3.8 

3.1 

4.3 

250-299   

1 ,468 

471 

997 

12.1 

8.9 

14.7 

300-349   

2.084 

763 

1,321 

17.2 

14.4 

19.4 

350-399   

2.144 

879 

1,265 

17.7 

16.6 

18.6 

400-449   

1.816 

790 

1.026 

15.0 

14.9 

15.1 

450-499   

1,587 

739 

848 

13.1 

13.9 

12.5 

500-549   

1,170 

623 

547 

9.7 

11.7 

8.1 

550-599   

637 

362 

275 

5.3 

6.8 

4.0 

600-649   

401 

261 

140 

3.3 

4.9 

2.1 

650-699   

213 

158 

55 

1.8 

3.0 

0.8 

700-749   

86 

64 

22 

0.7 

1.2 

0.3 

750-800   

27 

31 

4 

0.2 

0.6 

0.1 

SAT  =  Scholastic  Aptitude  Test 

SOUf"CES-  The  College  Board.  College-Bound  Seniors:  1987  ProUle  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Teslmg  Service,  1987):  and  The 
College  Board.  College-Bound  Seniors.  1992  Profile  of  SAT  ar,d  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1992) 

See  figures  1-8  and  1-9.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-23. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Native  American  students:  1987  and  1992 


Score  range  All  students         Males  Females  All  students         Males  Females 

 Number    Percent  

1987 


Total  test-tal(ers  

10,107 

4,863 

5,244 

200-249   

160 

63 

97 

1.6 

1.3 

1.8 

250-299   

881 

312 

569 

8.7 

6.4 

10.9 

300--349   

1.345 

532 

813 

13.3 

10.9 

15.5 

350-399   

1,688 

720 

968 

16.7 

14.8 

18.5 

400-449   

1,690 

794 

896 

16.7 

16.3 

17.1 

450-499   

1,559 

760 

799 

15.4 

15.6 

15.2 

500-549   

1,146 

615 

531 

11.3 

12.6 

10.1 

550-599   

805 

497 

308 

8.0 

10.2 

5.9 

600-649   

471 

310 

161 

4.7 

6.4 

3.1 

650-699   

241 

164 

77 

2.4 

3.4 

1.5 

700-749   

98 

76 

22 

1.0 

1.6 

0.4 

750-800   

23 

20 

3 

0.2 

0.4 

0.1 

1992 

Total  test-takers  

7,412 

3,525 

3,887 

200-249   

140 

65 

75 

1.9 

1.8 

1.9 

250-299   

532 

193 

339 

7.2 

5.5 

8.7 

300-349   

941 

352 

589 

12.7 

10.0 

15.2 

350-399   

1,110 

454 

656 

15.0 

12.9 

16.9 

400-449  

1,230 

560 

670 

16.6 

15.9 

17.2a 

450-499   

1,110 

542 

568 

15.0 

15.4 

14.6 

500-549   

1,001 

523 

478 

13.5 

14.8 

12.3 

550-599   

593 

344 

249 

8.0 

9.8 

6.4 

600-649   

390 

244 

146 

5.3 

6.9 

3.8 

650-699   

243 

159 

84 

3.3 

4.5 

2.2 

700-749   

94 

68 

26 

1.3 

1.9 

0.7 

750-800   

  28 

21 

7 

0.4 

0.6 

0.2 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board,  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achu  vement  Test  Takers  {Princeton:  Educational  Testing  Service.  1987):  and  The 
College  Board.  College-Bound  Seniors-  1992  Profile  of  SAT  and  Ach'evement  Test  Takers  (Princeton:  Educational  Testing  Ser\ice,  1992). 

See  figures  ^-8  and  1--9.  Science  &  Engineering  Incicators  -  1993 
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Appendix  table  1-24. 

Minority  student  population  and  new  minority  and  female  high  school  teachers,  by  state:  1991 


...                              New  mathematics  teachers                             New  science  teachers 
Minority  -  ,     ..    

State  students  Minority  Female  Minority  Female 


Percent 

Alabama  

37 

41 

61 

4 

65 

Arizona  

39 

NA 

NA 

NA 

NA 

Arkansas  

26 

27 

50 

0 

ob 

California  

54 

53 

45 

18 

48 

Colorado  

25 

25 

47 

2 

0/ 

Ccnnecticut  

25 

23 

67 

9 

73 

Delaware  

30 

60 

20 

33 

Florida  

.  .  .  .  38 

41 

63 

20 

56 

Hawaii  

.    .  .  87 

76 

56 

OO 

Idaho  

.  .  .  ,  0 

8 

41 

0 

t^n 

OU 

Illinois  

34 

35 

57 

4 

55 

Indiana  

14 

14 

50 

2 

64 

Iowa  

6 

8 

47 

3 

ylO 

4o 

Kansas   

15 

14 

44 

2 

ylO 

Kentucky   

10 

10 

66 

5 

D  1 

Maine  

0 

3 

42 

NA 

57 

Maryland  

38 

NA 

NA 

NA 

NA 

Michigan  

22 

22 

55 

2 

A  O 

Minnesota  

10 

10 

59 

NA 

A  1 

Mississippi  

52 

48 

69 

16 

bb 

Missouri  

0 

18 

62 

4 

52 

Montana  

11 

12 

36 

0 

15 

Nevada   

....  26 

26 

*+ 1 

New  Jersey   

....  35 

32 

1  1 

HI 

New  Mexico  

....  58 

58 

47 

28 

01 
0  1 

New  York  

34 

34 

46 

NA 

61 

North  Carolina  

54 

32 

72 

12 

67 

North  Dakota  

9 

NA 

NA 

NA 

NA 

Ohio  

17 

16 

38 

0 

A  n 
4U 

Oklahoma  

26 

28 

60 

0 

bU 

Pennsylvania  

28 

17 

51 

11 

40 

Rhode  Island  

16 

17 

38 

20 

80 

South  Carolina 

42 

43 

64 

2 

63 

South  DakOia  

0 

13 

33 

0 

23 

Texas   

50 

48 

55 

21 

51 

Utah  

-7 

8 

50 

13 

13 

Vermont  

2 

3 

33 

0 

67 

Virginia  

.    .  32 

NA 

NA 

NA 

NA 

Wisconsin  

...  15 

NA 

NA 

NA 

NA 

Wyoming  

10 

10 

27 

0 

45 

Puerto  Rico  

....  100 

100 

56 

100 

77 

NA  =  not  available 

NOTE  Data  are  as  of  October  1991 .  and  reflect  reports  from  35  Siaies  and  Puerto  Rico 

SOURCES  R  Blank  and  D  Grubel.  State  Indicators  of  Science  and  Mathematics  Education  i993  (Washington.  DC  Council  of  Chief  State  School  Officers.  1993).  and 
National  Center  for  Education  Statistics.  Schools  and  Staffing  m  the  United  States  A  Statistical  Profile.  1990-9 1  (Washington.  DC"  Department  of  Education.  1993) 
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Appendix  table  1-25. 

Mathematics  and  science  teachers  of  grades  9-12  with  majors  in  their  field,  by  state:  1983  and  1391 


state 


Mathematics  teachers  with  math  majors 
1988  1991 


Science  teachers  with  science  majors 
1988  1991 


All  states 

Alabama  . 
Alaska .  .  . 
Arizona  .  . 
Arkansas  . 
California . 


Colorado  

Connecticut  

Delaware  

District  of  Columbia. 
Florida  


Georgia  , 
Hawaii .  , 
Idaho.  . 
Illinois  . 
Indiana 


Iowa  .  .  .  . 
Kansas  .  . 
Kentucky  . 
Louisiar:a . 
Maine  .  .  . 


Maryland  

Massachusetts . 

Michigan  

Minnesota  .  .  .  . 
Mississippi .  .  .  . 


Missouri  

Montana  

Nebraska  

Nevada   

New  Hampshire 

New  Jersey  .  .  . 
New  Mexico  .  .  . 

New  York  

North  Carolina  . 
North  Dakota  .  . 


Ohio  

Oklahoma  .  .  .  . 

Oregon   

Pennsylvania  .  . 
Rhode  Island  .  . 

South  Carolina  . 
South  Dakota .  . 
Tennessee.  .  .  . 

Texas   

Utah  


Vermont. 
Virginia  .   .  . 
Washington  . 
West  Virginia 
Wisconsin 
Wyoming  .  .  . 


Percent 


63 

b  1 

/  u 

69 

87 

63 

63 

32 

25 

55 

68 

NA 

64 

51 

69 

63 

67 

54 

48 

0/ 

oo 

04 

55 

49 

75 

75 

57 

73 

67 

85 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

60 

52 

b/ 

C7 
0/ 

76 

75 

62 

77 

NA 

NA 

NA 

NA 

60 

45 

52 

63 

67 

63 

63 

77 

CO 

68 

bo 

7Q 

/y 

64 

57 

68 

72 

74 

78 

44 

66 

73 

77 

67 

72 

55 

55 

44 

50 

4y 

CO 

Of 

70 
/O 

90 

68 

NA 

82 

61 

58 

62 

84 

71 

60 

68 

70 

75 

79 

82 

80 

-j-j 
f  f 

OA 

70 
1  c. 

71 
/  1 

71 

70 

76 

65 

62 

72 

68 

71 

67 

76 

55 

72 

NA 

67 

NA 

NA 

M  A 

MA 
INM 

MA 

MA 

73 

75 

82 

73 

57 

54 

54 

41 

67 

60 

69 

84 

60 

73 

64 

84 

DO 

CO 

by 

DO 

68 

71 

71 

66 

52 

65 

56 

58 

42 

48 

66 

78 

83 

82 

81 

78 

NA 

NA 

NA 

NA 

68 

71 

78 

64 

65 

67 

44 

57 

57 

51 

44 

52 

60 

54 

57 

56 

40 

47 

37 

66 

NA 

NA 

NA 

NA 

71 

62 

77 

69 

43 

43 

43 

64 

74 

74 

58 

70 

76 

75 

77 

74 

55 

73 

49 

77 

NA  -  not  available 

SOURCE  R  Blank  andD  Gruebel,  S(ri  e /nd/cators  0/ Sc'enct' and /AK/iern.vf/cs /rdt/c<i//on  1993  (Washington.  DC  15931. iinfiR  Blank  and  M  Dalkihc  Sliie 


ERIC 


Indicators  of  Soence  tjnd  Matherndttcs  Bducohon  1990  (Washington.  DC  Council  of  Chief  Stale  School  Officer:.  1990) 
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Appendix  table  2-1 . 

Participation  rate  of  22-year-olds  in  ficst  university  degree  in  the  natural  sciences  and  engineering,  by  region/country: 
Most  current  year 


All 

Degree  fields 

22-year-oIds 

Region/Country 

first  univ. 
degrees 

Natural 
sciences 

Social 

sciences  Engineering^ 

Total 
number 

With  first       With  NS&E 
univ.  degrees  degrees^ 

 Percent  

Asia 


Total   1.673,901  252.767  95,071  261,410  44,043,600  3.8  1.2 

China   308.930  49,834  25,305  112,814  25,428,000  1.2  0.6 

India   750,000  146,774  NA  29,000  15,545,800  4.8  1.1 

Japan^   400,103  25,153  56,264  81,355  1,787,400  22.4  6.0 

Singapore   6,000  1,278  117  1,220  52,400  11.5  4.8 

South  Korea   165,916  23,195  10,211  28,071  859.000  19.3  6.0 

Taiwan   42,952  6,533  3,174  8,950  371,000  11.6  4.2 


Europe 


Total  Europe  

813,752 

124.192 

101.671 

135.090 

7.423.880 

11.1 

3.5 

European  Community  

604,551 

99.306 

89.987 

95.594 

5.548.880 

11.1 

3.5 

Belgium  

17.666 

2.012 

4.060 

1.911 

148.260 

11.9 

2.7 

Denmark  

1 3,934 

573 

674 

2.764 

78.900 

17.7 

4.2 

France  

77.904 

14,320 

6.991 

16.080 

849.480 

9.2 

3.6 

Germany  

1 37.376 

26.321 

33.935 

38.288 

1.361.120 

10.9 

5.1 

Greece  

28.264 

4.187 

2.965 

2.447 

154.560 

18.3 

4.3 

Ireland  

8.429 

1.495 

491 

1.156 

65.880 

12.8 

4.0 

Italy  

89.481 

14.249 

17,127 

1 1 .740 

945.180 

9.5 

2.8 

The  Netherlands  

20.382 

2.775 

4.973 

2.761 

247.020 

8.3 

2.2 

Portugal  

12.053 

1.203 

1.129 

2.064 

169.840 

7.1 

1.9 

Spain  

121.899 

13.302 

5,519 

6.644 

655.640 

18.6 

3.0 

United  Kingdom  

77.163 

18.869 

12.123 

9.739 

873.000 

8.9 

3.2 

European  Free  Trade  Assoc.  . 

.  69.015 

6.779 

3.831 

9.055 

466.400 

14.7 

3.4 

Austria  

10.457 

1.510 

683 

989 

116.840 

8.7 

2.1 

Finland  

.  14.325 

1.818 

744 

2,939 

68.760 

20.8 

6.9 

18.486 

495 

496 

1.891 

67.060 

27.6 

3.6 

Sweden  

17,062 

1.491 

1.200 

2.547 

117.580 

14.6 

3.4 

Switzerland  

8.685 

1.465 

708 

689 

96.160 

9.0 

2.2 

Central  Europe  

140.186 

18.107 

7,853 

30.441 

1.408.600 

10.0 

3.5 

Albania  

3.353 

963 

249 

546 

61.480 

5.5 

2.5 

Bulgaria  

21,817 

1,972 

574 

5.813 

121.160 

18.0 

6.4 

Czechoslovakia  

24,906 

3.072 

136 

9.409 

214.560 

11.6 

5.8 

Hungary  

12.468 

1.046 

555 

1.323 

141.400 

8.8 

1.7 

Poland  

50.058 

7.024 

2.081 

7.391 

500.000 

10.0 

2.9 

Yugoslavia  

27.584 

4.030 

4.258 

5,959 

370.000 

7.5 

2.7 

North  America 


Total                                      1.356.618  128.483  201.210  118.704  5.541.600  24.5  4.5 

Canada                                  130.164  13.420  23.120  7.739  391.800  33.2  5.4 

Mexico                                   118,457  9.680  7.985  30.484  1.565.800  7.6  2.6 

United  States                        1.107.997  105.383  170.105  80.481  3.584.000  30.9  5.2 


NA    not  available:  NS&E  =  natural  sciences  and  engineering 

NOTES:  Data  are  compiled  from  numerous  national  and  international  sources  and  may  not  be  strictly  comparable.  For  Asian  countries,  detailed  national  education 
statistics  were  reconfigured  to  the  International  Standard  Classification  of  Education  and  Classification  of  Instructional  Programs.  For  Europe,  delated  national 
education  data  were  available  for  Austria.  France.  Germany.  Switzerland,  and  the  United  Kingdom;  these  data  were  standardized.  Data  for  Austria.  Finland.  Greece. 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991 .  Data  for  Albania,  the  former  Czechoslovakia,  and  Portugal  are  for  1989;  Belgium  data  are  for  1988 
All  other  country  data  are  for  1990.  Degrees  in  different  countries  may  not  be  academically  equivalent 

includes  degrees  in  engineering  technology. 

^Social  science  degrees  are  not  included  in  this  proportion. 

'Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 

SOURCES.  National  sources  ' 


See  figure  2-1  and  text  table  ^-1 
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Appendix  table  2-2. 

Ratio  of  science  and  engineering  degrees  to  total  first  university  degrees, 
by  region/country:  Most  current  year 


Region/country 

Total  S&E 

Natural  sciences 

Social  sciences 

Engineering^ 

-     Percent                             —  ■ 

Asia 

China  

61 

16 

8 

37 

24 

20 

NA 

4 

Japan^   

40 

6 

14 

20 

Singapore  

43 

21 

2 

20 

South  Korea  

37 

14 

6 

17 

Taiwan  

43 

15 

7 

21 

Europe 

European  Community 

Belgium  

45 

11 

23 

11 

Denmark  

29 

4 

5 

20 

France  

48 

18 

9 

21 

Germany  

72 

19 

25 

28 

Greece   

34 

15 

10 

9 

Ireland  

36 

18 

6 

12 

Italy  

48 

16 

19 

13 

The  Netherlands 

52 

14 

24 

14 

Portugal  

36 

10 

9 

17 

Spain  

21 

11 

5 

5 

United  Kingdom 

51 

OA 

1  0 

1 

European  Free  Trade  Assoc. 

Austria  

30 

14 

7 

9 

Finland  

39 

13 

5 

21 

Norway  

16 

3 

3 

10 

Sweden  

31 

9 

7 

15 

Switzerland  

33 

17 

8 

8 

Central  Europe 

Albania  

52 

29 

7 

16 

Bulgaria  

39 

9 

3 

27 

Czechoslovakia  .  . 

51 

12 

1 

38 

Hungary  

23 

8 

4 

11 

Poland  

33 

14 

4 

15 

Yugoslavia  

52 

15 

15 

22 

North  America 

Canada   

34 

10 

18 

6 

Mexico  

41 

8 

7 

26 

United  States  .... 

,  ,  .  32 

10 

15 

7 

NA  =  not  available:  S&E  =  science  ar.rl  engineering 
"includes  degrees  in  engineering  technology. 

^^Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 
SOURCE:  Computed  from  data  in  appendix  table  2-1 . 

See  figure  2-2.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  2-3. 

Participation  rate  of  22-year-olds  In  first  university  degrees  in  the  natural  sciences  and  engineering,  by  sex  and  country: 
Most  current  year 


Ail 

Degree  fields 

22year-oids 

first  univ. 

Natural 

Social 

Total 

With  first  univ.     With  NS&E 

Country 

degrees 

sciences 

sciences  Engineering- 

number 

degree  degree 

Percent 

Males 


France   48.724  9,442  3.514  13.080  437.000  11.2  5.2 

Germany   88.908  19,098  19,387  36.136  654.000  13.6  8.5 

Japan?   290,253  20.221  138.708  78,705  915,800  31.7  10.8 

Poland   23.015  3,518  788  6.373  252.800  9.1  3.9 

South  Korea   104.627  15,953  7.579  26.763  447.600  23.4  9.5 

Sweden   7.203  896  262  2,018  60.800  11.8  4.8 

Taiwan   23.556  4.723  1.167  8.110  190.800  12.4  6  7 

United  Kingdom   44.239  12.158  6.013  8.572  451,800  9.8  4.6 

U.ited  States   508.952  61.906  74.900  68.851  1.769.400  28.8  7.4 


Females 


France   29.180  4.878  3.477  3.000  419.600  7.0  1.9 

Germany   48.468  7.223  14.548  2.152  617.600  7.8  1.5 

Japan-   109.750  4.932  18.519  2,650  371.600  12.6  0.9 

Poland   27.043  3.506  1.293  1.018  240.800  11.2  1.9 

South  Korea   61.289  7.242  2.632  1.308  411.400  14.9  2.1 

Sweden   9.859  595  938  529  58,000  17.0  1.9 

Taiwan   19.396  1.810  2.007  840  180.200  10.8  1.5 

United  Kingdom   35.389  6.711  6,110  1.166  430.400  8.2  1.8 

United  States   566  284  42.680  87.359  9,973  1.856.000  30.5  1.4 


NS&E  =  natural  sciences  and  engineering 

NOTE  Data  for  Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991 ;  all  others  are  for  1990. 
'Includes  enginaering  technology 

■Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 

SOURCES-  For  France.  Department  des  Slatistiques  sur  l  Enseignemenl  Supen3ur.  Direction  de  l  Evaluation  et  de  la  Prospective.  Ministere  de  l  Education  Nationale. 
for  Germany.  Profungen  an  Hochschuien.  Statistisches  Bundesamt.  Wiesbaden:  for  Japan,  the  Monbusho  Survey  of  Education.  1990:  for  Poland.  Office  of 
International  Relations  Polish  Academy  of  Sciences:  for  South  Korea.  Educdttonal  Yearbook.  1990:  for  Sweden.  SCB  Statistics  Sweden:  for  Taiwan.  Educational 
Statistics  of  the  Republic  of  China.  1990.  for  the  United  Kingdom.  Universities  Statistical  Record,  and  for  the  United  States.  Science  Resources  Studies  Division 
National  Science  Foundation.  Science  and  Engineering  Degrees:  1960-90.  NSF  92-326  (Washington.  DC:  NSF.  1992). 

See  text  table  2-2  Science  <S  Engineering  Indicators  - 1993 
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Appendix  table  2-5. 

Number  of  science  and  engineering  degrees,  by  degree  level  and  institution  type:  1991 


Total 

Math  & 

Social  & 

i' 

Institution  typp  .. 

Total 

science  &  Natural 

computer 

behavioral 

Engineering 

degrees 

engineering  sciences 

sciences 

sciences 

Engineering  technology' 

Bachelors  degrees 

Total 


Research  I 


Liberal  arts  II . 
Two-year  .  .  , 
Specialized  .  . 

Other  

Not  classified. 


1,107,997 

337,675 

65,189 

40,194 

170,105 

62,187 

18.294 

222.635 

98,918 

19.760 

7,361 

46,410 

25,387 

1.241 

93.279 

33.190 

5.991 

2,526 

17,149 

7, 5^:4 

1.186 

95,749 

27.384 

4,795 

2.940 

14.579 

5,0/0 

1,400 

69.735 

21,987 

4,024 

2.639 

9.416 

5.908 

1.136 

406,621 

100.524 

18,323 

16.310 

51,988 

13.903 

8.251 

52,356 

11,671 

2,725 

2.172 

6.353 

421 

389 

46,694 

22.220 

5,179 

1,566 

15.014 

461 

27 

66,403 

14.011 

3.305 

2.417 

8,020 

269 

324 

3,493 

515 

78 

115 

152 

170 

469 

42,629 

4,866 

687 

1,781 

257 

2.141 

3,593 

4,766 

2,299 

322 

292 

767 

918 

50 

3,637 

90 

0 

75 

0 

15 

228 

Masters  degrees 


Total   338,498 

Research  I   91,729 

Research  II   29,589 

Doctorate-granting  1   36,141 

Doctorate-granting  II   26.469 

Comprehensive  1   109,166 

Comprehensive  II   11,980 

Liberal  arts  I  

Libera!  arts  II  

Two-year  

Specialized   17,962 

Other   

Not  classified  


338,498 

78,368 

12.682 

12.956 

28.717 

24,013 

1,188 

91,729 

29,464 

5.511 

3,795 

8.535 

11,623 

139 

29,589 

9,109 

1,646 

1,265 

2,980 

3,218 

109 

36,141 

7,642 

1,222 

1,365 

3,197 

1,858 

104 

26.469 

7.037 

1.189 

1,284 

2.163 

2.401 

107 

109,166 

18,358 

2.471 

4,110 

8,389 

3.388 

555 

11,980 

1,452 

67 

249 

1,091 

45 

27 

3.751 

833 

86 

53 

651 

43 

0 

7.452 

791 

40 

23 

718 

10 

0 

7 

0 

0 

0 

0 

0 

0 

17,962 

2,182 

380 

720 

184 

898 

94 

3,755 

1.476 

70 

86 

791 

529 

53 

497 

24 

0 

6 

18 

0 

0 

Total 


37.451 


23.979 


Doctoral  degrees 


10.152 


1.837 


6,778 


5.212 


Research!   22,735  15,632  6,837  1,292  3,754  3,749 

Research  II   5.714  3,423  1.477  260  1,047  639 

Doctorate-granting  1   4,866  2,387  796  167  1.074  350 

Doctorate-granting  II   2.028  1.270  489  78  364  339 

Comprehensive  1   678  348  143  29  95  81 

Comprehensive  II   22  15  0  0  0  15 

Liberal  arts  I   88  33  9  4  20  0 

Liberal  arts  II   7  0  0  0  0  0 

Specialized   875  486  392  1  66  27 

Other   377  370  9  6  343  12 

Not  classified   61  15  0  0  15  0 


Engineering  technology  is  nol  included  under  Total  science  &  engineering." 

SOURCES-  National  Center  for  Education  Statistics.  U.S.  Department  of  Education.  Oompletion  Survey.  1991 :  and  Science  Resources  Studies  Division.  National 
Science  Foundation,  unpublished  tabulations 

See  figures  2-S  and  2-6  and  text  table  2-3  Science  <S  Engineering  Indicators  -  1993 
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Appendix  table  2-6. 

Number  of  institutions  awarding  science  and  engineering  degrees,  by  degree  level  and  institution  type:  1991 


Institution  type 


Total  

Research  I  

Research  II  

Doctorate-granting  I . 
Doctorate-granting  II 
Comprehensive  I .  .  . 
Comprehensive  II  . . 

Liberal  arts  I  

Liberal  arts  II  

Two-year  

Specialized  

Other  

Not  classified  


Total  

Research  I  

Research  II  

Doctorate-granting  I . 
Hoctorate-granting  II 
Comprehensive  I .  .  . 
Comprehensive  II  .  . 

Liberal  arts  I  

Liberal  arts  II  

Two-year  

Specialized  

Other   

Not  classified  


Total 
degrees 


Total 
science  & 
engineering 


Social  & 
behavioral 
sciences 


Natural 
sciences 


Math  & 
computer 
sciences 


Engineering 


Bachelors  degrees 


Masters  degrees 


Doctoral  degrees 


Engineering 
technology^ 


1.814 

1.448 

1.332 

1.256 

1,279 

388 

331 

69 

67 

67 

67 

67 

62 

12 

34 

34 

34 

34 

34 

28 

11 

48 

46 

46 

44 

45 

30 

18 

58 

56 

51 

55 

53 

34 

18 

424 

419 

411 

401 

412 

131 

167 

168 

167 

163 

158 

158 

23 

29 

141 

138 

138 

133 

127 

16 

3 

413 

389 

373 

332 

316 

32 

30 

53 

20 

10 

5 

10 

1 

10 

335 

94 

29 

22 

50 

22 

27 

20 

15 

10 

5 

6 

7 

2 

51 

3 

0 

0 

1 

2 

4 

1.265 

738 

598 

480 

432 

255 

65 

69 

68 

68 

68 

67 

63 

6 

34 

34 

34 

34 

33 

29 

6 

49 

48 

48 

45 

46 

27 

9 

58 

57 

48 

54 

48 

30 

6 

384 

318 

271 

202 

190 

76 

31 

123 

50 

37 

12 

16 

5 

1 

54 

30 

21 

17 

9 

2 

0 

156 

42 

37 

8 

3 

1 

0 

2 

0 

0 

0 

0 

0 

0 

279 

69 

17 

36 

15 

17 

5 

32 

20 

16 

4 

4 

5 

1 

25 

1 

0 

1 

0 

0 

355 

299 

221 

257 

156 

167 

0 

71 

71 

69 

71 

67 

65 

0 

34 

34 

34 

34 

31 

27 

0 

49 

48 

47 

45 

30 

26 

0 

57 

53 

39 

44 

19 

28 

0 

60 

36 

11 

27 

4 

12 

0 

3 

1 

0 

0 

0 

1 

0 

6 

4 

3 

2 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

59 

38 

7 

32 

1 

5 

0 

13 

13 

10 

2 

3 

3 

0 

1 

1 

1 

0 

0 

0 

0 

Total  

Research  I  

Research  II  

Doctorate-granting  I  

Doctorate-granting  II  

Comprehensive  I  

Comprehensive  II  

Liberal  arts  I  

Liberal  arts  H  

Specialized  

Other   

Not  classified  

'Engineering  technology  is  not  included  under  'Total  science  &  engineering  " 

SOURCES:  National  Center  for  Education  Statistics.  U.S  Department  of  Education.  Completion  Survey.  1991 :  and  Science  Resources  Studies  Division.  National 
Science  Foundation,  unpublished  tabulations. 

See  text  table  2-3.  Science  &  Engineering  Indtcators  -  1993 
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Appendix  table  2-7. 

Proportion  of  undergraduate  instruction  provided  by  various  faculty  members,  by  field  and 
institution  type:  1990 


All 

institutions 


Research 
I  &  II 


Doctorate- 
granting  I  &  II 


Comprehensive 
I  &  II 


Liberal 
arts  I  &  II 


Percent 


Geology 

Full-time  faculty   79 

Part-time  faculty   9 

Teaching  assistant.  ...  12 

Other  faculty   0 

Physics 

Full-time  faculty   85 

Part-time  faculty   7 

Teaching  assistant.  ...  8 

Other  faculty   0 

Sociology 

Full-time  faculty   82 

Part-time  faculty   15 

Teaching  assistant.  ...  2 

Other  faculty   1 


66 
4 

30 
0 


59 
4 

36 
0 


68 
11 
20 
1 


71 
7 

21 
1 


68 
7 

25 
0 


78 
15 
6 

0 


81 
13 
5 
0 


89 
8 
3 
0 


83 
17 
0 

0 


92 
5 
2 
0 


90 
6 
3 
1 


\ 

0 
0 


SOURCES.  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Survey  on  Undergraduate  Education  m 
Geo/op/ (Washington.  DC"  NSF.  1992):  SRS.  Survey  on  Undergraduate  Education  m  Physics  (Washington.  DC  NSF.  1992! 
an6  SRS.  Survey  on  Undergraduate  Education  in  Sociology  i\Nas^vug\or>  DC  NSF  1992;. 

See  figure  2-7  and  text  table  2-4  Science  &  Engineering  McatO's  -  W93 
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Appendix  table  2-8. 

Total  undergraduate  enrollments,  by  race/ethnicity/citizenship  nnd  sex:  1976-91 


Race,  ethnicity,  and  citizenship 

1976 

i?80 

1982 

1984 

1986 

1988 

1990 

1991 

Thousands 

All  students 

Total  

9.419 

10.469 

10.789 

10,611 

10.798 

11.304 

11  959 

12.439 

White  

7.741 

8.481 

8.676 

8.484 

8,558 

8.907 

9.273 

9,508 

Asian.  

169 

249 

308 

343 

393 

437 

501 

559 

Black  

943 

1.019 

1.020 

995 

996 

1.039 

1.147 

1,229 

Hispanic  

353 

433 

480 

495 

563 

631 

725 

804 

Native  American  

76 

84 

88 

84 

90 

93 

95 

106 

Foreign  citizen  

143 

210 

223 

216 

205 

205 

219 

234 

Men 

Total  

4.897 

4.997 

5.140 

5.002 

5,018 

5.134 

5.339 

5  571 

White  

4.052 

4.055 

4.134 

4.005 

3.978 

4.054 

4.166 

4,273 

Asian  

91 

129 

163 

182 

207 

224 

247 

281 

Black  

431 

428 

425 

405 

403 

408 

463 

478 

Hispanic   

192 

211 

232 

234 

264 

287 

318 

361 

Native  American  

35 

35 

37 

35 

37 

36 

40 

44 

Foreign  citizen  

96 

140 

149 

142 

130 

124 

129 

133 

Women 

Total  

4.522 

5.472 

5.649 

5.608 

5.781 

6.170 

6.524 

6.868 

White   

3.688 

4.426 

4.542 

4.479 

4.580 

4.853 

5.066 

5.235 

Asian  

78 

120 

145 

161 

186 

212 

238 

277 

Black  

513 

591 

595 

590 

594 

631 

684 

751 

Hispanic 

161 

222 

248 

261 

299 

344 

384 

443 

Native  American  

35 

43 

45 

43 

47 

50 

55 

62 

Foreign  citizen  

47 

70 

74 

74 

74 

81 

97 

101 

SOURCES.  National  Center  for  Education  Statistics  iNCES)  U  S  Department  o!  Education.  Digest  of  Education  Statistics.  NCES  92  097  (Washington.  DC 
Goverrment  Pnnling  Office.  1992).  NCES.  Trends  in  Raoaf  Ethnic  Enrollment  m  Higher  Education  Fall  1982  Through  Fall  1991  NCES  93-448  (Washington  DC" 
GPO  19931.  and  NCES.  unpublished  tabulations 
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Appendix  table  2-13. 

Planned  college  majors  of  National  Merit  Scholars:  1982-92 
(page  1  of  2) 


1982      1983  1984 


1985 


1986 


1987 


1988 


1989       1990  1991 


1992 


Total 

Male  . 
Female 


2.830  2.851  3.026  3.197  3,247  3.041  2.987 
1.740     1.831      1.815     1,729       1.602       1.595  1.628 


3.198  3.006  3.103  3.192 
1.517       1.767        1.762  1.903 


Engineering 

Male  .... 
Female  .  . 


969  1 .068  1 .039  1.112  1 . 1 42  1 .030  997 
336       361        363        288         247  251  245 


1.049         952        1.098  1.185 
237         247  248  302 


Natural  sciences 

Male  

Female  


973 
544 


986 
656 


1.121  1.127 
603  578 


1.060 
483 


1.002 
478 


979 
476 


1.009 
422 


1.045 
521 


974  1 .008 
544  606 


Astronomy 

Male  

Female  

Biochemistry 

Male  

Female  

Biosciences,  unspecified 

Male  

Female  

BiOiogy.  botany,  zoology 

Male  

Female  

Biophysics 

Male  

Female  

Chemistry 

Male  

Female  

Computer  sciences 

Male  

Female   

Earth  sciences 

Male  

Female  

Math  and  statistics 

Male  

Female  

Physical  sciences,  unspecified 

Male  

Female  

Physics 

Male  

Female  


19 
10 

65 
56 

85 
103 

61 
71 

4 
5 

77 
47 

244 
104 

22 
12 

118 
65 

66 
33 

212 
38 


14 
2 

62 
65 

72 
122 

42 
96 

8 
5 

64 
64 

325 
135 

16 
16 

103 
63 

65 
29 

215 
59 


20 
9 

70 
77 

85 
131 

47 
70 

12 
4 


48 

326 
92 

10 


139 
91 

71 
37 

254 
36 


17 
7 

69 
72 

113 
121 

46 


13 
3 

98 
60 

264 
49 

13 
12 

145 
74 

84 
36 

265 
56 


22 
10 

61 
45 

107 
115 

56 
80 

5 
1 

87 
48 

219 
26 

10 
5 

154 
73 

74 
29 

265 
51 


28 
5 

80 
63 

69 
79 

75 
88 

10 
2 

71 
45 

186 
29 

9 
7 

142 
69 

74 
43 

258 
48 


28 
5 

79 
53 

84 
95 

73 
91 

5 

1 

91 
37 

180 
29 

5 
9 

104 
68 

107 
49 

223 
39 


22 
6 

59 
53 

66 
84 

60 
86 

9 
4 

79 
42 

221 
19 

12 
5 

155 
50 

86 
26 

240 
47 


23 
6 

61 
63 

68 
101 

93 
102 

6 
2 

75 
51 

200 
28 

12 
6 

149 
74 

87 
45 

271 
43 


10 

77 
58 

67 
91 

86 
139 

5 
0 

89 
50 

183 
28 

16 
9 

147 
70 

74 
37 

212 
52 


9 
9 

82 
85 

86 
107 

82 
151 

13 
3 

103 
61 

201 
24 

16 
15 

126 
68 

81 
41 

209 
42 


Health  sciences 

Male   

Female  .... 


357 
325 


344 
315 


359 
307 


386 
300 


384 
274 


312 
234 


249 
236 


290 
212 


228 
244 


315 
241 


351 
307 


Social  sciences 

Male  

Female  .... 


210 
179 


206 
182 


231 
195 


244 
222 


303 
223 


320 
285 


346 
298 


375 
311 


346 
346 


295 
331 


279 
325 


(continued) 
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Appendix  table  2-13. 

Planned  college  majors  of  National  Merit  Scholars:  1982-92 
(page  2  of  2) 

1982      1983      1984    ~r985       1986       1987       1988       1989       1990       1991  1992 

Business 

Mate   135       100        114        157         170         171         183         206         183  170  136 

Female   138       135       139       135        147         116        136         104         109         111  88 

Arts 

Male   72        52         70         80  70  65  70  73  82  83  73 

Female   78         72  78         71  80  76  76  49  78  35  77 

Other 

Male   114        95         92         91         118         141         163         196         170  168  160 

Female   140       110        130        135         148         155        161  182         222         202  198 

Undecided 

Male   75        57         82         82         102         306        439         434         460  472  504 

Female   67        51         93         78  82         298        285         3?1         368         333  401 

SOURCE  National  Merit  Scholarship  Corporation.  Annual  fleporr  (Evanston.  IL.  Ongoing  annual  series).  Usea  with  permission. 
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Appendix  table  2-14. 

Freshmen  reporting  need  for  remedial  work  in  science  or  matliematlcs,  by  intended  major,  sex, 
and  race/etiinlcity:  1992 

Race/ethnicity 

Ail  Native 
Intended  major  students    Male       Female  White      Asian       Biack       Hispanic  American 

  -    Percent  -  -   

S&E 


8.9 

6.9 

11.2 

7.5 

16.1 

20.4 

20.8 

17.4 

Math 

20  6 

15.4 

26.9 

19.1 

18.8 

44.1 

38.0 

38.3 

Physical  science 

26.4 

Science  

6.2 

4.4 

3.6 

4.5 

11.5 

19.7 

16.0 

Math  

12.2 

9.3 

17.6 

11.0 

12.7 

31.0 

29.9 

35.1 

Biological  science 

Science  

8.7 

6.6 

10.4 

7.6 

19.4 

19.8 

18.2 

26.0 

Math  

23.3 

19.2 

27.0 

21.5 

22.4 

48.8 

38.1 

42.7 

Social  science 

9.1 

7.0 

10.6 

9.0 

17.1 

21.5 

19.2 

16.2 

Math  

26.3 

21.2 

30.0 

25.2 

25.8 

54.1 

44.9 

51.3 

Engineering 

23.0 

Science  

8.5 

7.4 

13.4 

6.4 

14.6 

20.5 

18.0 

Math  

13.3 

12.7 

16.2 

12.5 

14.2 

36.1 

30.9 

28.2 

Non-S&E 

Science  

10.1 

8.6 

11.2 

10.4 

16.3 

22.2 

24.6 

25.5 

Math  

24.4 

21.0 

27.0 

25.8 

26.0 

49.7 

41.0 

44.6 

S&E  =  science  and  engineering 

SOURCE:  Higher  Education  Research  Institute,  University  of  California  at  Los  Angeles.  Survey  of  the  American  Freshman:  National  Norms  (Los  Angeles:  1992). 
unpublished  tabulations. 
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Appendix  table  2-15. 

Reasons  given  by  high  school  seniors  for  not  taking  math  and  science  classes:  1990  and  1993 


Plans  after  high  school 

All 

Sex 

Sci'math/eng 

Health 

Other  college 

Noncollege- 

Reason 

students 

Male  Female 

major 

major 

major 

bound 

Math  classes 

Percent 

There  were  other  courses  1  wanted 

1990 

37 

33 

40 

36 

41 

47 

34 

to  take 

1993 

37 

34 

40 

36 

32 

35 

33 

1  do  not  like  math 

1 990  .  . 

35 

27 

40 

41 

41 

43 

31 

1993 

33 

30 

36 

36 

19 

37 

29 

1  did  not  think  1  would  do  well  in 

1990  .  . 

30 

28* 

32 

38 

33 

44 

24 

more  advanced  math  classes 

1993 

31 

31 

32 

50 

23 

37 

23 

1  was  advised  1  did  no\  need  to 

1990 

30 

26 

34 

25 

18 

28 

31 

take  more  math 

1993 

  30 

28 

32 

36 

18 

16 

31 

1  will  not  need  advanced  math  for 

1990     . . 

  28 

31 

26 

15 

12 

38 

29 

what  1  plan  to  do  in  the  future 

1993 

  27 

23 

30 

20 

16 

34 

25 

1  did  not  want  to  work  that  hard 

1990 

  27 

27 

27 

33 

35 

27 

22 

during  my  senior  year 

1993 

  30 

31 

29 

30 

37 

32 

26 

1  have  taken  the  highest  \e\/e\  math 

1990 

  5 

7 

3 

8 

2 

2 

6 

course  available  here 

1993 

  6 

7 

5 

9 

4 

5 

7 

1990 

N  =  677 

293 

384 

61 

49 

197 

405 

1993 

N  =  772 

375 

397 

44 

57 

164 

344 

Science  classes 

1  will  not  need  advanced  science 

1990 

  40 

42 

37 

35 

12 

52 

39 

for  what  1  plan  to  do  in  the  future 

1993 

  34 

36 

33 

25 

4 

47 

31 

There  were  other  courses  1  wanted 

1990 

  37 

32 

41 

41 

35 

43 

32 

to  take 

1993 

  40 

38 

42 

29 

38 

42 

30 

1  was  advised  1  did  not  need  to 

1990 

  30 

26 

33 

26 

28 

28 

34 

take  more  science 

1993 

  30 

28 

34 

34 

19 

22 

33 

1  do  not  like  science 

1990 

  29 

22 

35 

24 

19 

36 

29 

1993 

  29 

26 

32 

25 

10 

35 

26 

1  did  not  think  1  would  do  well  in 

1990 

  24 

24 

24 

24 

16 

29 

22 

more  advanced  science  classes 

1993 

  25 

22 

29 

23 

18 

28 

21 

1  did  not  want  to  work  that  hard 

1990 

  23 

21 

25 

26 

27 

28 

21 

during  my  senior  year 

1993 

  27 

26 

28 

28 

18 

26 

28 

1  have  taken  the  highest  level 

1990 

  8 

9 

7 

6 

20 

7 

6 

science  course  available  here 

1993 

  9 

10 

8 

9 

8 

5 

10 

1990 

 N  -  897 

398 

499 

87 

48 

265 

426 

1993   

.  .  .  .  N  =  965 

487 

478 

61 

53 

248 

392 

SOURCE:  J.D.  Miller.  Longitudinal  Study  of  American  Youth  (DeKalb,  IL:  Social  Science  Resea.cn  Institute.  Northern  Illinois  University.  1993).  special  tabulations. 
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Appendix  table  2-16. 

Selected  math  and  science  courses  taken  by  high  school  seniors:  1990  and  1993 


Plans  after  high  school 
All  Sci/math/eng    Health    Other  college  Noncollege- 


Course 

students 

Male 

Female 

major 

major 

major 

bound 

Math  classes 

-  •  Percent 

Algebra 

QQ 

oy 

QQ 
00 

QQ 

013 

99 

97 

77 

1993   

91 

91 

92 

96 

98 

98 

79 

Geometry 

1990   

71 

70 

71 

93 

95 

89 

48 

1993   

74 

73 

75 

94 

92 

89 

46 

Trigonometry 

1990   

28 

31 

27 

67 

52 

38 

6 

1993   

36 

36 

37 

74 

54 

42 

8 

Calculus 

1990   

8 

10 

6 

26 

16 

11 

1993   

11 

13 

9 

33 

16 

8 

* 

1990  

 N  = 

2.332 

1.107 

1.225 

276 

159 

474 

752 

1993  

 N  = 

2,046 

1.071 

975 

229 

199 

464 

579 

Science  classes 

Low-level  science 

1 990   

75 

74 

76 

62 

60 

73 

84 

1993   

73 

74 

72 

52 

62 

73 

90 

Biology 

1990   

92 

93 

92 

98 

98 

98 

86 

1993   

91 

90 

93 

96 

96 

96 

83 

Chemistry 

1990   

53 

54 

53 

84 

84 

73 

27 

1993   

60 

59 

62 

85 

83 

75 

29 

Physics 

1990   

23 

27 

19 

52 

51 

27 

6 

1993   

32 

32 

27 

64 

44 

30 

7 

1990  

 N- 

2.296 

1,096 

1.201 

276 

159 

486 

748 

1993  

 N  = 

2.016 

1.057 

959 

229 

199 

464 

578 

*  =  fewer  than  1 

SOURCE:  J  D.  Miller.  Longitudinal  Study  of  American  Youth  {DeKalb,  IL:  Social  Science  Research  Institute.  Nortiiern  Illinois  University.  1993).  special  tabulations. 
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Appendix  table  2-18. 

Earned  associate  degrees,  by  race/ethnicity  and  field:  1977-91 


Race/ethnicity  and  field 


Total,  all  degrees  

Science  and  engineenng  

Natural  sciences'  

Math  and  computer  sciences  

Social  &  behavioral  sciences'  

Engineering  

Engineering  technology   38.244 

White,  all  degrees  

Scienoe  and  engineering  

Natural  sciences'   

Math  and  computer  sciences  

Social  &  behavioral  sciences-  

Engineering  

Engineering  technology   33.109 


Asian,  all  degrees  

Science  and  engineering 

Natural  sciences'  

Math  and  computer  sciences 
Social  &  behavioral  sciences' 
Engineering  

Engineering  technology  ...  . 


Black,  all  degrees   33.1 76 

Science  and  engineering  

Natural  sciences'  

Math  and  computer  sciences  

Social  &  behavioral  sciences^  

Engineering  .... 

Engineering  technology  


Science  and  engineenng  

Natural  sciences'   

Math  and  computer  sciences . 
Social  &  behavioral  sciences^" 
Engineenng  


Native  American,  all  degrees  .  . 

Science  and  engineering  

Natural  sciences'  

Math  and  computer  sciences .  .  . 

Social  &  behavioral  sciences*  . 

Engineering  

Engineering  technology  


1977 

1979 

1981 

1985 

1987 

1989 

1990 

lyy  1 

409.942 

407.471 

420.910 

459.087 

440.816 

440.375 

459,048 

486.297 

NA 

NA 

NA 

28.346 

24.743 

22.074 

22.113 

22.082 

NA 

NA 

NA 

4.691 

3.950 

3.952 

4.286 

4.430 

NA 

NA 

NA 

13.679 

9.953 

8.846 

8.600 

8.640 

NA 

NA 

NA 

6.053 

6.252 

6.544 

6.825 

6.502 

NA 

NA 

NA 

3,923 

4.588 

2.732 

2.402 

2.510 

38.244 

40.891 

51.661 

51.579 

47.434 

46,180 

44.739 

42.595 

342.382 

331.173 

339.183 

355.422 

345.546 

330.557 

343.629 

376,869 

NA 

NA 

NA 

19.616 

17,666 

15.525 

15.421 

15,695 

NA 

NA 

NA 

3.548 

3.078 

3.231 

3.458 

3.574 

NA 

NA 

NA 

10.255 

7.360 

6.044 

5.704 

6.054 

NA 

NA 

NA 

3.553 

3.993 

4.264 

4,489 

4.200 

NA 

NA 

NA 

2.260 

3.235 

1.986 

1.770 

1.867 

33.109 

33.662 

40.804 

40.934 

37.383 

33.584 

31.699 

33.792 

7.174 

7.617 

8.757 

10.165 

11.329 

1 1.7G1 

12.687 

15.069 

NA 

NA 

NA 

864 

1.094 

891 

909 

912 

NA 

NA 

NA 

86 

112 

120 

179 

220 

NA 

NA 

NA 

511 

464 

401 

411 

388 

NA 

NA 

NA 

83 

149 

176 

168 

158 

NA 

NA 

NA 

184 

369 

194 

151 

146 

781 

1.132 

1.641 

1.570 

1.989 

1.663 

1,499 

1.496 

33.176 

34.985 

35.330 

35.861 

33.858 

32.185 

32.882 

37,854 

NA 

NA 

NA 

2.027 

2.127 

1.817 

1.924 

2.038 

NA 

NA 

NA 

160 

198 

125 

153 

149 

NA 

NA 

NA 

938 

961 

628 

87G 

921 

NA 

NA 

NA 

781 

719 

744 

807 

842 

NA 

NA 

NA 

148 

249 

120 

88 

126 

1.990 

2.022 

2.903 

3.395 

3.100 

2.829 

2.648 

3.030 

19.808 

20.710 

22.088 

22.783 

22,804 

23.475 

24,569 

29,019 

NA 

NA 

NA 

1.776 

2.031 

1.744 

1,473 

1.740 

NA 

NA 

NA 

248 

281 

236 

215 

232 

NA 

NA 

NA 

676 

620 

609 

591 

677 

NA 

NA 

NA 

720 

761 

723 

569 

678 

NA 

NA 

NA 

126 

369 

176 

98 

153 

1.644 

1.799 

2.219 

2.084 

2.359 

2.232 

2.298 

2.411 

2.499 

2.336 

2.584 

2.953 

3.049 

3.102 

3.290 

3,772 

NA 

NA 

NA 

193 

245 

227 

251 

326 

NA 

NA 

NA 

45 

49 

44 

38 

66 

NA 

NA 

NA 

56 

49 

67 

84 

91 

NA 

NA 

NA 

81 

120 

104 

117 

148 

NA 

NA 

NA 

11 

27 

12 

12 

21 

204 

191 

285 

267 

219 

257 

168 

232 

NA  -  not  available 

NOTES  Data  on  assoctalc  degrees  are  not  available  (or  bioad  science  and  engineering  fields  before  1983  Data  by  racial/ethinic  group  were  collected  on  a  biennial 
schedule  until  1990  Data  are  not  available  by  raaal'ethnic  group  for  foreign  citizens  on  temporary  visas  Data  by  racial.'elhntc  group  are  collected  by  broad  fields  oi 
study  only.  Iherefoie.  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the  National  Science  Foundation. 

'The  natural  sciences  include  all  physical,  environmental,  biological,  and  agitcullural  sciences. 

The  social  rind  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences 

SOURCES  N.ilionai  Center  for  Educaiion  Statistics.  U  S  Department  of  Education.  Earned  Degrees  and  Completion  Surveys,  and  Science  Resources  Studies 
Division.  National  Science  Foundation,  unpublished  tabulations 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-20. 

Earned  bachelors  degrees,  by  race/ethniclty/citizenship  and  field:  1977-91 
(page  1  of  2) 


Race'ethnlclty  and  field  1977  1979  1981  1985  1987  1989  1990  19S1 

Total,  all  degrees   928.228  931.340  946.877  990.877    1.003.532    1.030.171  1.062.151  1.107.997 

Science  and  engineering   374.579  373.431  374.693  355.253  355.873  351,150  360.242  371.658 

Natural  sciences'   98.342  96,186  90.254  75.670  68.929  63.073  62.865  65.401 

Math  and  computer  sciences   20.729  20.670  26.406  54.388  56.442  46.277  42.369  40.194 

Social  &  behavioral  sciences'   205.831  193.775  182.638  147.624  156.079  174.853  190.305  203.877 

Engineering   49.677  62.800  75.395  77.571  74.423  66.947  64.703  62.186 

Engineering  technology   NA  NA  NA  20.533  20.577  20,098  19.150  18.294 

U.S.  citizens  and  permanent  residents 

White,  all  degrees   807.857  802.665  807.509  826.356  819,477  840.326  856.686  892.363 

Science  and  engineering   323.845  318,819  313.486  290.388  281.588  277.106  280.889  289.253 

Natural  sciences'   88.308  85.403  78.778  63.592  55.898  50.580  49.527  51.113 

Math  and  computer  sciences   18.110  17.633  22.013  43.484  42.446  33.998  30.683  28.998 

Social  &  behavioral  sciences^   175.355  163.132  151.839  122.320  126.753  142.447  153.185  163.980 

Engineering   42.072  52.651  60.856  60.992  56,491  50,081  47.494  45.162 

Engineering  technology   NA  NA  NA  16.673  16.541  16.156  15.251  14.279 

Asian,  all  degrees   13.907  15.542  18.908  25.562  31.921  37.573  38.027  41.725 

Science  and  engineering   6.558  7.591  9.572  13.454  17.114  19.383  19.698  20.860 

Natural  sciences'   1.935  2.227  2,406  2.880  3.641  3.973  4.308  4.670 

Math  and  computer  sciences   479  587  1,061  2.929  3.489  3.287  3.018  2.925 

Social  &  behavioral  sciences^   2.933  2.919  3.039  3.163  4.394  6.048  6.360  7.045 

Engineering   1.211  1.858  3.066  4.482  5.590  6.075  6.012  6.220 

Engineering  technology   NA  NA  NA  542  807  839  755  768 

Black,  all  degrees   58.700  60.301  60.729  57.563  55.103  56.837  59.301  65.009 

Science  and  engineering   23.134  23.324  23.767  18.946  18.955  19.273  20.074  21.943 

Natural  sciences'   3.416  3.541  3.561  3.096  2.870  2.756  2.815  3.026 

Math  and  computer  sciences   1.073  1.159  1.371  2.913  3.654  3.249  2,967  2.808 

Social  &  behavioral  sciences^   17.260  16.849  16.386  10.898  10.116  11.201  12.220  13.880 

Engineering   1.385  1.775  2.449  2.039  2.315  2.067  2.072  2.229 

Engineering  technology   NA  NA  NA  1.277  1.269  1.208  1.200  1.227 

Hispanic,  all  degrees   27.043  29.719  33.167  36.391  38.196  41.361  43.864  49.027 

Science  and  engineering   11.002  12.163  13.107  12.848  13.182  14.177  14.896  16.290 

Natural  sciences'   2.271  2.634  2.958  2.979  2.964  2.849  2.859  3.010 

Math  and  computer  sciences   435  495  688  1.380  1.696  1.568  1.498  1.695 

Social  &  behavioral  sciences^   7.006  7.479  7.641  6.302  5.968  7.199  8.023  9.019 

Engineering   1.290  1.555  1.820  2.187  2.554  2.561  2.511  2.566 

Engineering  technology   NA  NA  NA  525  664  634  784  731 

Native  American,  all  degre-s   3.328  3.410  3.593  4.246  3.866  3.967  4.212  4.486 

Science  and  engineering   1.368  1.411  1.430  1.500  1.409  1.361  1.416  1.519 

Natural  sciences'   338  296  298  313  259  265  262  298 

Math  and  computer  sciences   41  52  39  198  164  143  129  123 

Social  &  behavioral  sciences"   854  899  898  780  776  776  879  940 

Engineering   135  164  195  209  210  177  146  158 

Engineering  technology   NA  NA  NA  103  78  105  69  75 


(continued) 
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Appendix  table  2-20. 

Earned  bachelors  degrees,  by  race/ethniclty/cltizenship  and  field:  1977-91 

(page  2  of  2) 


Race/ethnicity  and  field  1 977         1 979         1 981         1 985         1 987         1 989         1 990  1 


Foreign  citizens 


All  degrees   15,744  17,853  22,631  29,258  28,592  26,457  26,553  29.657 

Science  and  er.qlneerlng   8,486  10,039  13,282  14,249  13,838  12,479  12,489  12,879 

Natural  sciencps^   2,042  2.061  2,251  2,132  1,786  1,744  1.736  1,941 

Math  and  computer  sciences   583  741  1.233  2,879  3,233  2,678  2,590  2.615 

Social  &  behavioral  sciences^   2,287  2,473  2.835  3.048  2,930  2.985  3,246  3.741 

Engineering   3,574  4.764  6,963  6,190  5,889  5,072  4,917  4,582 

Engineering  technology   NA  NA  NA  1,277  986  659  727  712 


NA  s  not  available 

NOTES*  Data  by  racial/ethnic  group  were  collected  on  a  biennial  schedule  until  1990.  Data  are  not  available  by  racial/ethnic  group  for  foreign  citizens  on  temporary 
visas.  Data  by  racial/ethnic  group  are  collected  by  broad  fields  of  study  only:  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the 
National  Science  Foundation. 

'The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences, 
^"he  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Science  and  Engineering  Degrees,  by  Race/Etlinicity  of  Recipients:  l977-9h  Detailed 
Statistical  Tables  (Washington.  DC:  NSF.  forthcoming). 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-21. 

Proportion  of  total  bachelors  degrees  obtained  in  science  and  engineering,  by  race/ethniclty/cltizenship:  1977-91 


1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Percent 

Whites 

Total  science  and  engineering  

...  40.1 

39.7 

38.8 

35.1 

34.4 

33.0 

32.8 

32.4 

10.6 

9.8 

7.7 

6.8 

6.0 

5.8 

5.7 

.  .  .  2.2 

2.2 

2.7 

5.3 

5.2 

4.0 

3.6 

3.2 

Social  and  behavioral  sciences  

21.7 

20.3 

18.8 

14.8 

15.5 

17.0 

17.9 

18.4 

Engineering  

5.2 

6.6 

7.5 

7.4 

6.9 

6.0 

5.5 

5.1 

Engineering  technology  

0.0 

0.0 

0.0 

2.0 

2.0 

1.9 

1.8 

1.6 

Asians 

Total  science  and  engineering  

47.2 

48.8 

50.6 

52.6 

53.6 

51.6 

51.8 

50.0 

Natural  sciences  

13.9 

14.3 

12.7 

11.3 

11.4 

10.6 

11.3 

11.2 

Math  and  computer  sciences  

3.4 

3.8 

5.6 

11.5 

10.9 

8.7 

7.9 

7.0 

Social  and  behavioral  sciences  

21.1 

18.8 

16.1 

12.4 

^3.8 

16.1 

16.7 

16.9 

Engineering  

.  .  .  .  8.7 

12.0 

16.2 

17.5 

17.5 

16.2 

15,8 

14.9 

Engineering  technology  

0.0 

0.0 

0.0 

2.1 

2.5 

2.2 

2.0 

1.8 

Blacks 

Total  science  and  engineering  

39.4 

38.7 

39.1 

32.9 

34.4 

33.9 

33.9 

33.8 

Natural  sciences  

.  .  .  .  5.8 

5.9 

5.9 

5.4 

5.2 

4.8 

4.7 

4.7 

Math  and  computer  sciences  

1.8 

1.9 

2.3 

5.1 

6.6 

5.7 

5.0 

4.3 

Social  and  behavioral  sciences  

29.4 

27.9 

27.0 

18.9 

18.4 

19.7 

20.6 

21.4 

Engineering  

2.4 

2.9 

4.0 

3.5 

4.2 

3.6 

3.5 

3.4 

Engineering  technology   

0.0 

0.0 

0.0 

2.2 

2.3 

2.1 

2.0 

1.9 

HIspanics 

Total  science  and  engineering  

40.7 

40.9 

39.5 

35.3 

34.5 

34.3 

34.0 

33.2 

Natural  sciences  

8.4 

8.9 

8.9 

8.2 

7.8 

6.9 

6.5 

6.1 

Math  and  computer  sciences  

.  .  .  .  1.6 

1.7 

2.1 

3.8 

4.4 

3.8 

3.4 

3.5 

Social  and  behavioral  sciences  

25.9 

25.2 

23.0 

17.3 

15.6 

17.4 

18.3 

18.4 

Engineering  

4.8 

5.2 

5.5 

6.0 

6.7 

6.2 

5.7 

5.2 

Engineering  technology  

  0.0 

0.0 

0.0 

1.4 

1.7 

1.5 

1.8 

1.5 

Native  Americans 

Total  science  and  engineering  

41.1 

41.4 

39.8 

35.3 

36.4 

34.3 

33.6 

33.9 

Natural  sciences  

10.2 

8.7 

8.3 

7.4 

6.7 

6.7 

6.2 

6.6 

Math  and  computer  sciences  

1.2 

1.5 

1.1 

4.7 

4.2 

3.6 

3.1 

2.7 

Social  and  behavioral  sciences  

25.7 

26.4 

25.0 

18.4 

20.1 

19.6 

20.9 

21.0 

Engineering  

4.1 

4.8 

5.4 

4.9 

5.4 

4.5 

3.5 

3.5 

Engineering  technology  

  0.0 

0.0 

0.0 

2.4 

2.0 

2.6 

1.6 

1.7 

Foreign  citizens 

Total  science  and  engineering  

53.9 

56.2 

58.7 

48.7 

48.4 

47.2 

47.0 

43.4 

Natural  sciences  

.  .  .  .  13.0 

11.5 

9.9 

7.3 

6.2 

6.6 

6.5 

6.5 

Math  and  computer  sciences  

3.7 

4.2 

5.4 

9.8 

11.3 

10.1 

9.8 

8.8 

Social  and  behavioral  sciences  

14.5 

13.9 

12.5 

10.4 

10.2 

11.3 

122 

12.6 

Engineering  

22.7 

26.7 

30.6 

21.2 

20.6 

19.2 

18.5 

15.4 

Engineering  technology  

  0.0 

0.0 

CO 

4.4 

3.4 

2.5 

2.7 

2.4 

SOURCE.  Computed  from  appendix  table  2-20. 
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Appendix  table  2-22. 

Participation  rates  In  science  and  engineering  bachelors  degrees,  by  race/ethnicity /citizenship:  1977-91 


1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Percent 

Wliites 

Total,  all  fields  

87.0 

86.2 

85.3 

83.4 

81.7 

81.6 

80.7 

80.5 

Science  and  engineering  

86.5 

85.4 

83.7 

81.7 

79.1 

78.9 

78.0 

77.8 

Natural  sciences  

89.8 

88.8 

87.3 

84.0 

81.1 

80.2 

78.8 

78.2 

Math  and  computer  sciences  

87.4 

85.3 

83.4 

80.0 

75.2 

73.5 

72.4 

72.1 

Social  &  behavioral  sciences  

85.2 

84.2 

83.1 

82.9 

81.2 

81.5 

80.5 

80.4 

Engineering  

84.7 

83.8 

80.7 

78.6 

75.9 

74.8 

73.4 

72.6 

0.0 

0.0 

0.0 

81.2 

80.4 

80.4 

79.6 

78.1 

Asians 

Total,  all  fields  

1.5 

1.7 

2.0 

2.6 

3.2 

3.6 

3.6 

3.8 

Science  and  engineering  

1.8 

2.0 

2.6 

3.8 

4.8 

5.5 

5.5 

5.6 

Natural  sciences  

^>.0 

2.3 

27 

3.8 

5.3 

6.3 

6.9 

7.1 

Math  and  computer  sciences  

2.3 

2.8 

4.0 

5.4 

6.2 

7.1 

7.1 

7.3 

Social  &  behavioral  sciences  

1.4 

1.5 

1.7 

2.1 

2.8 

3  5 

3.3 

3.5 

Engineering  

2.4 

3.0 

4.1 

5.8 

7.5 

9.1 

9.3 

10.0 

Engineering  technology  

0.0 

0.0 

0.0 

2.6 

3.9 

4.2 

3.9 

4.2 

Blacks 

Total,  all  fields  

6.3 

6.5 

6.4 

5.8 

5.5 

5.5 

5.6 

5.9 

Science  and  engineering  

6.2 

6.2 

6.3 

5.3 

5.3 

5.5 

5.6 

5.9 

Natural  sciences  

3.5 

3.7 

3.9 

4.1 

4.2 

4.4 

4.5 

4.6 

Math  and  computer  sciences  

  5.2 

5.6 

5.2 

5.4 

6.5 

7.0 

7.0 

7.0 

Social  &  behavioral  sciences  

8.4 

8.7 

9.0 

7.4 

6.5 

6.4 

6.4 

6.8 

Engineering  

2.8 

2.8 

3.2 

2.6 

3.1 

3.1 

3.2 

3.6 

Engineering  technology  

0.0 

0.0 

0.0 

6.2 

6.2 

6.0 

6.3 

6.7 

Hispanics 

Total,  all  fields  

2.9 

3.2 

3.5 

3.7 

3.8 

4.0 

4.1 

4.4 

Science  and  engineering  

2.9 

3.3 

3.5 

3.6 

3.7 

4.0 

4.1 

4.4 

Natural  sciences  

2.3 

2.7. 

3.3 

3.9 

4.3 

4  5 

4.5 

4.6 

Math  and  computer  sciences  

2.1 

2.4 

2.6 

2.5 

3.0 

3.4 

3.5 

4.2 

Social  &  behavioral  sciences  

3.4 

3.9 

4.2 

4.3 

3.8 

4.1 

4.2 

4.4 

2.6 

2.5 

2.4 

2.8 

3.4 

3.8 

3.9 

4.1 

Engineering  technology  

0.0 

0.0 

0.0 

2.6 

3.2 

3.2 

4.1 

4.0 

Native  Americans 

Total,  all  fields  

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Science  and  engineering  

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

Natural  sciences  

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.4 

0.5 

Math  and  computer  sciences  

0.2 

0.3 

0.1 

0.4 

0.3 

0.3 

0.3 

0.3 

Social  &  behavioral  sciences  

0.4 

0.5 

0.5 

0.5 

0.5 

0.4 

0.5 

0.5 

Engineering  

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.2 

0.3 

Engineering  technology  

0.0 

0.0 

0.0 

0.5 

0.4 

0.5 

0.4 

0.4 

Foreign  citizens 

Total,  all  fields  

  1.7 

1.9 

2.4 

3.0 

2.8 

2.6 

2.5 

2.7 

Science  and  engineering  

2.3 

2.7 

3.5 

4.0 

3.9 

3.6 

3.5 

3.5 

Natural  sciences  

2.1 

2.1 

2.5 

2.8 

2.6 

2.8 

2.8 

3.0 

Math  and  computer  sciences  

2.8 

3.6 

4.7 

5.3 

5.7 

5.8 

6.1 

6.5 

Social  &  behavioral  sciences  

  1.1 

1.3 

1.6 

2.1 

1.9 

1.7 

1.7 

1.8 

Engineering  

  7.2 

7.6 

9.2 

8.0 

7.9 

7.6 

7.6 

7.4 

Engineering  technology  

  0.0 

0.0 

0.0 

6.2 

4.8 

3.3 

3.8 

3.9 

SOURCE  Computed  from  appendix  table  2-20 
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Appendix  table  2-24. 

Graduate  enrollment  In  science  and  engineering,  by  race/ethniclty/citizenship  and  field:  1983-91 


Field 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Total  enrollment 

Total  science  a'ld  engineering  .  .  . 

Natural  sciences  

Math  and  computer  sciences  .  .  . 
Social  and  behavioral  sciences.  . 
Engineering  

.  348.315 
103,213 
.  40.996 
.  112.995 
91,111 

350.755 
1^3,784 

43.269 
110.922 

92,780 

359,554 
104.347 

47.424 
111.623 

96.160 

369.047 
105.803 
49.364 
111.740 
102.140 

373,762 
105.485 
50.661 
113,727 
103.889 

376.821 
106.085 
51.657 
115.920 
103,159 

384.691 
107.851 
51.936 
120.585 
104.319 

395.298 
108.486 
54.155 
125.328 
107,329 

415.240 
113.242 
54.720 
132.871 
114.407 

White  enrollment 

Total  science  and  engineering  .  .  . 

Math  and  computer  sciences  .  .  . 
Social  and  behavioral  sciences.  . 

.  225.313 
74.538 
,  23,762 
.  78,318 
48,695 

223.420 
74.244 
23.942 
75,809 
49.425 

224.177 
72.170 
25.367 
76.249 
50.391 

227.998 
71.885 
26,015 
77.017 
53.081 

229.011 
69.496 
26.799 
79.000 
53.716 

229.950 
69,169 
27.653 
80,621 
5?.507 

231.001 
68.545 
26.634 
84.244 
51,578 

237.686 
68.341 
27.864 
88.357 
53.124 

245.172 
69.989 
27.119 
93.044 
55.020 

Asian  enrollment 


Total  science  and  engineering  .  .  . 

Natural  sciences  

Math  and  computer  sciences  .  .  . 
Social  and  behavioral  sciences .  . 
Eng  eering   3.405 


9,368 

10,185 

12,024 

12,788 

14,590 

15.182 

15.682 

17.039 

18.217 

2,389 

2.535 

2.727 

2,771 

3,061 

3.450 

3.581 

3.874 

4,305 

1,663 

1,816 

2.475 

2,767 

3.232 

3.446 

3.449 

3,679 

3.704 

1.911 

2.01^} 

2.010 

2,127 

2.441 

2.370 

2.659 

2.789 

3,005 

3.405 

3,815 

4,812 

5,123 

5.856 

5.916 

5.993 

6,697 

7.203 

Black  enrollment 


Total  science  and  engineering  .  .  . 

10,980 

10./ 24 

10,534 

10.471 

1 0,443 

11.216 

1 1 .800 

12,635 

13,696 

Natural  sciences  

1.983 

2,004 

1,993 

1.839 

1.821 

1,980 

2.097 

2,137 

2,311 

Math  and  computer  sciences  .  .  . 

967 

954 

1.017 

1,135 

1.191 

1.247 

1,299 

1,472 

1.605 

Social  and  behavioral  sciences.  . 

6.637 

6.306 

6,115 

6,024 

6,009 

6.469 

6.765 

7.228 

7.746 

Engineering  

1,393 

1.460 

1,409 

1,473 

1.422 

1.520 

1,639 

1.798 

2.034 

Hispanic  enrollment 

Total  science  and  engineering  .  .  . 

8.901 

8,692 

8.623 

8.659 

8.812 

9.093 

9,464 

10,132 

11.168 

Natural  sciences  

1.922 

1.895 

2.097 

2.123 

2.075 

2.230 

2,394 

2.360 

2.576 

Math  and  computer  sciences  .  .  . 

612 

584 

743 

715 

810 

845 

851 

920 

978 

Social  and  behavioral  sciences.  . 

4.926 

4.713 

4.303 

4,218 

4.199 

4.301 

4,508 

4,960 

5.435 

1.441 

1,500 

1.480 

1,603 

1.728 

1,717 

1,711 

1,892 

2.179 

Native  American  enrollment 


Total  science  and  engineering-  .  .  . 

915 

831 

740 

746 

786 

926 

864 

1,048 

1.201 

Natural  sciences  

224 

207 

169 

198 

183 

220 

180 

251 

329 

Math  and  computer  sciences  .  .  . 

53 

70 

78 

51 

75 

72 

75 

63 

62 

Social  and  behavioral  sciences .  . 

457 

362 

371 

366 

404 

490 

485 

583 

621 

181 

192 

122 

131 

124 

144 

124 

151 

189 

Foreign  citizen  enrollment 

Total  science  and  engineering  .  .  . 

70.381 

72,297 

76,853 

84,035 

88.806 

93.849 

98,272 

101,835 

108.408 

Natural  sciences  

18,286 

18.853 

20,360 

22,729 

24,487 

26,220 

28,166 

29.478 

31.342 

Math  and  computer  sciences  .  .  . 

10,502 

11.552 

12,803 

13.816 

14,857 

15.422 

16,337 

17,356 

18,021 

Social  and  behavioral  sciences.  . 

14,105 

14,006 

14,836 

15,479 

16,082 

16,878 

16.959 

17,034 

17.726 

.  27.488 

27,886 

28,854 

32,011 

33.380 

35,329 

36,810 

37.967 

41,319 

NOTE:  The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences.  The  social  and  behavioral  sciences  include  psychology, 
sociology,  and  other  social  sciences. 


SOURCE:  Science  Resources  Studies  Division.  Nation.xi  S  Jience  Foundation.  Academic  Science  and  Engineering.  Graduate  Enrollment  and  Support.  Fall  1991. 
Detailed  Statistical  Tables.  NSF  93-309  {Washington.  D^:  vJSF.  1993). 

See  figures  2-15  and  2-16.  Science  &  Engineering  Indicalors  -  1993 
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Appendix  A.  Appondix  Tables 


Sfm?strs1egrees,  by  race/ethnicity/citizenship  and  field:  1977-91 
(page  1  of  2)   


Race^ethnicity  and  field   

Total,  all  degrees 

Science  and  engineering.  .  .  . 

Natural  sciences^  

Math  and  computer  sciences 
Social  &  behavioral  sciences  ' 
Engineering  

Engineenng  technology  


White,  all  degrees  

Science  and  engineering  

Natural  sciences'  

Math  and  corriputer  sciences  .  . 

Social  &  behavioral  sciences  .  . 

Engineering  

Engineering  technology  

Asian,  all  degrees   

Science  and  engineering  

Natural  sciences'  

Math  and  computer  sciences 
Social  &  behavioral  sciences' 
Engineenng  

Engineenng  technology  

Black,  all  degrees 

Science  and  engineenng  

Natural  sciences'  

Math  and  computer  sciences 
Social  &  behavioral  sciences  ' 
Engineenng  

Engineenng  technology  


1977 


1979 


1981 


318.241 

302.075 

296.798 

83.475 

79.785 

79.869 

16.234 

16.350 

15.332 

6.496 

6.101 

6.787 

44.494 

41.824 

41.034 

16.251 

15.510 

16.716 

NA 

NA 

NA 

1985 

287.213 
80.630 
14.045 
9.989 
35.661 
20.935 
816 


U.S.  citizens  and  permanent  residents 


Native  American,  ail  degrees 

Science  and  engineenng  

Natural  sciences'   

Math  and  computer  sciences 
Social  &  behavioral  sciences'* 
Engineering   

Engineering  technology  .  .  ■  ■ 


266.109 
66.661 
13.405 
5.256 
36.556 
1 1 .444 
NA 

5.145 
2.021 
388 
198 
698 
737 
NA 

21.041 
4.197 
351 
200 
3.406 
240 
NA 


249.401 
62,158 
13.282 
4.625 
34.169 
10.082 


Hispanic,  all  degrees  

Science  and  engineenng.  ...   

Natural  sciences'  

Math  and  computer  sciences  

Social  &  behavioral  sciences-  

Engineering   

Engineering  technology   ■  ■  ■ 


245 
91 
1.491 
251 
NA 


968 
225 
48 
15 
139 
23 
NA 


241.255 
60.407 
12.411 
4.708 
33.141 
10.147 


223.649 
56.101 
10.559 
6.176 
27.180 
12.186 


NA 

NA 

526 

5.519 

6.304 

7.805 

2.232 

2.481 

3.543 

469 

365 

450 

253 

376 

779 

660 

661 

763 

850 

1.079 

1.551 

NA 

NA 

25 

19.422 

17.152 

13.960 

4.042 

3.695 

3.152 

382 

351 

290 

136 

137 

233 

3.278 

2.947 

2.299 

246 

260 

330 

NA 

NA 

37 

6.470 
1.702 
227 
61 
1.199 
215 
NA 

999 
246 
50 
24 
148 
24 
NA 


7.439 
2.052 
251 
102 
1.414 
285 
NA 

)  .034 
257 
33 
19 
174 
31 
NA 


1987 


1989 


1990 


1991 


290.532 

311.050 

324.947 

338.498 

83.515 

87.783 

89.826 

91.126 

13.461 

13.260 

12.966 

12.713 

1 1 .808 

12.829 

13.327 

12.956 

36.189 

37.959 

39.548 

41.450 

22.057 

23.735 

23.985 

24.00  7 

883 

1.135 

1.194 

1.18J 

216.807 
55.790 
9.623 
6,729 
26.601 
12.837 
581 


7.730 
2.231 
332 
149 
1.404 
346 
6 

1.257 
313 
45 
48 
173 
47 
2 


230.322 
56.864 
9.262 
6.818 
27.952 
12.832 
802 


236.874 
57.606 
8.722 
7.020 
29.005 
12.859 
823 


8.129 

10.174 

9.994 

3.745 

4.482 

4.393 

464 

545 

504 

962 

1.072 

1.125 

669 

873 

901 

1.650 

1.992 

1.863 

46 

40 

79 

13.173 

13.455 

14.473 

3.223 

3.151 

3  559 

301 

238 

225 

280 

257 

302 

2.239 

2.301 

2.645 

403 

355 

387 

42 

55 

44 

7.781 
2.291 
310 
183 
1.286 
512 
17 

1.049 
270 
23 
25 
184 
38 
26 


8.133 
2.339 
266 
178 
1.427 
468 
10 

1.082 
302 
41 
45 
183 
33 
2 


8.495 
2.321 
262 
169 
1.444 
44G 
9 

1.050 
258 
31 
13 
179 
35 
5 


247.524 
58  435 
8.300 
6.705 
30.795 
12.635 
830 

11  070 
4.676 
532 
1.203 
933 
2.008 
60 

15  857 
3.825 
261 
383 
2.783 
398 
47 

9  684 
2,575 
281 
213 
1.613 
468 
19 


.125 
294 
34 
23 
197 
40 
3 


(continuedi 
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Appendix  table  2-26. 

Earned  masters  degrees,  by  race/ethnicity/citlzenship  and  field:  1977-91 
(page  2  of  2) 


1977  1979  1981  1985  1987  1989  1990  1991 

Foreign  citizens 


All  degrees   17.345  19.427  22.058  26.952  28.264  32.123  34.602  37.611 

Science  and  engineering   8,282  9.111  10.468  13.132  13,764  15.949  17,077  17.841 

Natural  sciences*   1.797  1.895  1.864  2,178  2.132  2.504  2,732  2.856 

Matn  irid  computer  sciences   736  937  1,368  2.394  2,903  3.418  3.598  3.878 

Social  &  behavioral  sciences^   2.204  2.319  2.673  2.866  2.948  3.280  3.508  3,587 

Engineenng   3.545  3.960  4.563  5.694  5.781  6,747  7.239  7.520 

Engineering  technology   NA  NA  NA  124  127  131  162  172 


NA  =  not  available 

NOTES.  Data  by  racial  ethnic  group  were  collected  on  a  biennial  schedule  until  1990.  Data  are  not  available  by  racial  ethmc  group  for  foreign  citizens  on  temporary 
visas.  Data  by  racial  ethnic  group  are  collected  by  broad  field?  of  study  only:  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the 
National  Science  Foundation. 

'The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences. 
^The  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCE;  Science  Resources  Studies  Division,  National  Science  Foundation.  Science  and  Engineenng  Degrees,  by  Race- Ethnicity  of  Recipients.  1977-91  Detailed 
Statistical  Tables  (Washington.DC.  NSF.  forthcoming). 
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Appendix  table  2-28. 

Earned  doctoral  degrees  by  race/ethnicity,  field,  and  citizenship:  1977-91 

(page  1  of  2) 


Race/ethnicity  and  field 

1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

TotaP 

Total,  all  degrees  

31,716 

31,239 

31,357 

31,297 

32,363 

34.318 

36,057 

37,451 

8,016 

17,872 

18,258 

18,935 

19.890 

21,727 

22,857 

23,979 

6,622 

7,817 

7,996 

8,437 

8.655 

9,185 

9,766 

10,152 

Math  and  computer  sciences  

1.618 

979 

960 

998 

1.190 

1,471 

1,597 

1,837 

Social  and  behavioral  sciences^  

7.135 

6,463 

6.659 

6,223 

6,227 

6,425 

6,507 

6.653 

2,633 

2,494 

2,528 

3,166 

3,712 

4,544 

4.893 

5,212 

Total  U.S. 

Citizens  and  permanent  residents 

Total,  all  degrees   27,487  26.784 

Science  and  engineering   14.889  14.711 

Natural  sciences^   6,427  6,604 

Math  and  computer  sciences   769  778 

Social  and  behavioral  sciences^   5886  5712 

Engineering   1.799  1.617 

White,  all  degrees.   23.654  22.396 

Science  and  engineering   12,875  12,314 

Natural  sciences^   5.598  5.620 

Math  and  computer  sciences   671  658 

Social  and  behavioral  sciences^   5.177  4.879 

Engineering   1.429  1.157 


Asian,  all  degrees  

Science  and  engineering  

Natural  sciences'  

Math  and  computer  sciences .  .  . 
Social  and  behavioral  sciences^. 
Engineering  


Black,  all  degrees  

Science  and  engineering  

Natural  sciences^  

Math  and  computer  sciences .  .  . 
Social  and  behavioral  sciences^. 
E  ^ineering  


Hispanic,  all  degrees  

Science  and  engineering  

Natural  sciences^  

Math  and  computer  sciences .  .  . 
Social  and  behavioral  sciences^. 
Engineering  


Native  American,  all  degrees  .  . 

Science  and  engineerinci   

Natural  sciences^  

Math  and  computer  sciences .  .  . 
Social  and  behavioral  sciences^. 
Engineering  


26,342 
14.655 
6,641 
713 
5830 
1.471 

22.470 
12.573 
5,771 
610 
5.099 
1.093 


24.694 
14,065 
6,634 
631 
5206 
1.594 

21,297 
12.166 
5.902 
527 
4.549 
1,188 


24.561 
14.055 
6.450 
671 
5021 
1.913 

21,116 
12,051 
5.662 
548 
4,383 
1.458 


25,026 
14,592 
6,628 
824 
4911 
2,229 

21,569 
12,501 
5.800 
688 
4.287 
1,726 


26,581 
15.346 
6,942 
825 
5239 
2.340 

22,862 
13.156 
6.078 
711 
4.531 
1,836 


26.535 
15,360 
6.898 
935 
5169 
2.358 

22,604 
12.983 
5.993 
758 
4,444 
1,788 


910 

1.102 

1,073 

1.069 

1.167 

1.261 

1,302 

1,491 

745 

884 

827 

809 

924 

981 

1.006 

1,157 

342 

377 

344 

346 

369 

400 

411 

462 

42 

55 

56 

50 

67 

76 

75 

122 

112 

146 

142 

132 

161 

145 

163 

172 

249 

306 

285 

281 

327 

360 

357 

401 

1.194 

1,114 

1,110 

1,043 

907 

962 

1,046 

1,082 

344 

347 

346 

374 

319 

366 

371 

431 

85 

84 

89 

100 

95 

105 

98 

108 

10 

12 

11 

10 

13 

9 

5 

19 

234 

231 

227 

230 

186 

219 

228 

249 

15 

20 

19 

34 

25 

33 

40 

55 

474 

539 

526 

634 

709 

694 

835 

843 

194 

231 

239 

296 

357 

384 

465 

478 

74 

83 

92 

107 

138 

158 

196 

187 

10 

12 

5 

18 

15 

15 

15 

20 

88 

112 

126 

149 

170 

163 

200 

212 

22 

24 

16 

22 

34 

48 

54 

59 

66 

81 

85 

96 

115 

94 

96 

130 

31 

29 

28 

41 

53 

53 

42 

56 

14 

6 

8 

21 

20 

25 

12 

27 

1 

1 

1 

0 

3 

2 

1 

1 

15 

19 

15 

19 

23 

19 

25 

22 

1 

3 

4 

1 

7 

7 

4 

6 

(continued) 


ERIC 


333 


Science  &  Engineeiing  Indicators  -  1993 


♦  287 


Appendix  table  2-28. 

Earned  doctoral  degrees  by  race/ethnlcity,  field,  and  citizenship:  1977-91 
(page  2  of  2) 


Race/ethnicity  and  field 

1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Foreign 

citizen 

Total,  all  degrees  

3,448 

3,587 

3,940 

5.228 

5.610 

6,647 

8.074 

8,852 

Scence  and  engineering  

2.675 

2,689 

2,983 

4.048 

4,468 

5.392 

6.555 

7,281 

Natural  sciences-   

1,079 

1,046 

1.140 

1,518 

1,704 

1.975 

2.531 

2.843 

Math  and  computer  sciences  

170 

181 

226 

327 

445 

524 

695 

818 

Soctal  and  behavioral  sciences"^  

651 

645 

675 

784 

787 

952 

1,056 

1.147 

775 

817 

942 

1.419 

1.532 

1,941 

2,273 

2,473 

Unknown  citizenship 

Total,  all  degrees  

781 

868 

1,075 

1,375 

2,192 

2,645 

1,402 

2,064 

Science  and  engineering  

452 

472 

620 

822 

1,367 

1,743 

956 

1.338 

Natural  sciences'  

170 

167 

215 

285 

50 1 

582 

293 

411 

Math  and  computer  sciences  

25 

20 

21 

40 

74 

123 

77 

84 

Social  and  behavioral  sciences''  

183 

225 

269 

344 

525 

664 

306 

462 

Engineering  

....  74 

60 

115 

153 

267 

374 

280 

381 

NOTES  Data  by  racial/ethnic  group  were  collected  on  a  biennial  schedule  until  1 990.  Data  are  not  available  by  racial/ethnic  group  lor  foreign  citizens  on  temporary 
visas.  Data  by  racial/ethnic  group  are  collected  by  broad  fields  of  study  only;  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the 
National  Science  Foundation. 

Includes  at!  doctorates  awarded  to  U.S  citizens  and  permanent  residents,  temporary  residents,  and  persons  whose  citizenship  is  unknown. 
■The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences. 
•The  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation.  Science  and  Engineering  Doctorates:  1960-91,  Detailed  Statistical  Tables.  NSF  93-301 
(Washington.  DC:  NSF.  1993) 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-30. 

Postdoctoral  appointments  in  science  and  engineering  awarded  to  non-U.S.  citizens,  by  field:  1981  and  1991 


Appointments  to  non-U.S.  citizens  Appointments  to  non-U.S.  citizens  ^ 

Field  Total  Number  Percent  Total  Number  Percent 


Total,  all  fields   18.411  6.506  35.3  30.432  14.678  48.2 

Science  and  engineering   14,013  5.409  38.6  22,397  11,307  50.5 

Natural  sciences   11.917  4.453  37.4  19,153  9,492  49.6 

Math  and  computer  sciences  205  105  51.2  324  18o  57.1 

Social  sciences   913  175  19.2  967  286  29.6 

Engineering   978  676  69.1  1.953  1.344  68.8 

Health   4.398  1.097  24.9  8.035  3,371  42.0 


SOURCE.  Science  Resources  Studies  Division,  National  Science  Foundation.  Foreign  Participation  in  U.S.  Academic  Science  and  Engineering:  1991.  NSF  93-302 
{Washington.  DC.  NSF.  1993) 
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Number  of  jobs 


Industry       '  ^980  1983  1986  1989  1992 


Thousands 


Total  Industry 


All  occupations                                                                         66,210  65,457  73,044  79,111  77,622 

AN  scientists  and  engineers   1 .366  1 ,476  1 .642  1 ,385  1 ,972 

Engineers   992  1,050  1,144  1,290  1.305 

Aeronautical/astronautical   27  33  58  65  52 

Chemical   45  47  42  42  43 

Civil    79  104  94  90  94 

Electrical/electronic   273  319  378  459  470 

Industrial   133  103  119  119  109 

Mechanical   198  198  196  206  208 

Other'    237  247  257  308  329 

Scientists   374  425  497  595  667 

Life   19  26  30  46  59 

Mathematical   45  59  67  66  71 

Physical   108  110  113  122  138 

Social   26  29  24  31  43 

Computer  specialists   175  201  264  330  355 


Technicians   1.163  1,308  1,426  1.506 


Manufacturing 
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Social  
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Civil  engineering  
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Industrial  engineering  

Mechanical  engineering  
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Other  engineering  technicians  .  .  . 
Biological,  agricultural,  and  food  . 

Chemical  

Petroleum  

Other  life  science  technicians  .  .  . 
Computer  programmers  

ERIC 


1  ft  QA7 
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Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989,  and  1992 

(page  2  of  6) 


Industry 


Number  of  jobs 


1980 


1933 


1986 


1989 


1992 


-Thousands  - 


Chemical  &  allied  products,  all  occupation ' 

All  scientists  and  engineers  

Engineers  

Metallurgical,  ceramic,  materials  

Chemical  

Civil  

Electrical/electronic  

Industrial  

Safety  

Mechanical  

Sales  

Other'  

Scientists  

Life  

Mathematical  

Physical  

Computer  specialists  

Technicians  

Petroleum  refining,  all  occupations  

All  scientists  and  engineers  

Engineers  

Petroleum  

Chemical  

Civil  

Electrical/electronic  

Industrial  

Safety  

Mechanical  

Other'  
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Physical  
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Technicians  

Machinery,  all  occupations  
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Engineers  
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Chemical  
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Electrical/electronic  

Industrial  

Mechanical  

Sales  

Other'  

Scientists  

Mathematical  

Physical  

Computer  specialists  

Technicians  
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industry 


Electrical  equipment,  all  occupations . 


All  scientists  and  engineers  

Engineers  
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Civil  
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Appendix  table  3-1. 

Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989,  1992 
(page  4  of  6) 


Industry 

1980 

1983 

Number  of  jobs 
1986 

1989 

1992 

Thousands 

Nonmanufacturing^ 

All  occupations  

  45.925 

47.025 

54.097 

59,720 

59.582 

AH  scientists  and  engineers  

  621 

709 

775 

942 

1.051 

Engineers  

  387 

428 

452 

545 

591 

Aeronautical  astronautical  

  4 

4 

6 

16 

16 

1  0 

1  i 

p 

<  < 
1 1 

Civil  

  73 

95 

86 

84 

87 

Flprtriral  piprtronir 

1 1  ? 

1  1  o 

1 44 

C.KJO 

Industrial  

  10 

14 

15 

15 

18 

Mechanical  

  72 

64 

61 

64 

70 

Other'  

  102 

127 

131 

152 

167 

Scientists  

  234 

281 

324 

397 

460 

Lite  

  8 

11 

12 

23 

29 

Mathematical  

  33 

47 

53 

54 

63 

Physical   .... 

  44 

53 

56 

63 

11 

Social  

  25 

28 

24 

31 

43 

Computer  specialists  

  124 

142 

179 

227 

249 

Technicians  

  632 

766 

847 

920 

950 

Mining,  all  occupations  

  1,027 

952 

777 

693 

631 

All  scientists  and  engineers  

  55 

65 

55 

46 

42 

Engineers  

  29 

35 

30 

26 

24 

ivi^iciKUi yiv^at.  ^Cidlliiu.  1 1  idlci 'Clio 

i 

1 

u 

1 

1 

Mining,  including  mine  safety  

  3 

3 

3 

3 

3 

Pptrnlpi  im 

1  ^ 

1  cJ 

\  D 

1  1 

\  \ 

Chemical  

  1 

1 

1 

1 

1 

Civil  

  1 

2 

1 

1 

1 

Electricarelectronic  

  2 

1 

1 

1 

1 

Mechanical  

  1 

3 

2 

2 

2 

Sales  

  0 

1 

2 

2 

2 

Other'  

  6 

4 

4 

5 

3 

Scientists  

  26 

31 

26 

20 

18 

Physical  

  21 

25 

22 

16 

14 

Computer  specialists  

  4 

5 

4 

4 

4 

Technicians  

  26 

30 

26 

25 

24 

Construction,  all  occupations  

  4.346 

3.948 

4.810 

5.171 

4.471 

All  scientists  and  engineers  

  53 

48 

32 

32 

31 

Engineers  .  .   

  52 

47 

31 

31 

30 

Civil  

  18 

19 

10 

11 

11 

Electrical  electronic  

  7 

6 

5 

6 

6 

Industrial       .  . 

0 

1 

1 

1 

1 

Safety  

  1 

1 

1 

1 

1 

Mechanical  

  10 

7 

5 

3 

4 

Sales  

  0 

8 

5 

4 

4 

Other"  

  16 

5 

4 

6 

3 

Scientists  

  1 

1 

1 

1 

1 

Computer  specialists 

  1 

1 

1 

1 

1 

Technicians  

  42 

34 

29 

31 

29 
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Appendix  table  3-1 . 

Total  and  scientist/engineer  employment,  by  Industry:  1980, 1983, 1986, 1989, 1992 

(page  5  of  6) 


Number  of  jobs 


Industry 

1  you 

IQflR 
1  ?ou 

1989 

1992 

Thousands 

Comm/trans/utiiities,  all  occupations  

  5.146 

4.952 

5.247 

5.626 

5.709 

All  ^ripnti^t^  and  snainssrs  .   

  95 

102 

103 

111 

113 

FnninPPr^   

  82 

81 

78 

80 

80 

Aeronaiilical/^^stronanliMl   

  1 

1 

1 

1 

1 

Chemical   

  1 

1 

1 

1 

1 

Nuclear   

  1 

2 

3 

3 

3 

  5 

7 

8 

6 

6 

Flpctrical'elpclronic   

  43 

40 

38 

39 

38 

  4 

6 

5 

4 

5 

  0 

0 

1 

1 

1 

6 

6 

5 

5 

  1 

1 

1 

1 

1 

  18 

18 

15 

20 

ly 

5?ripntists   

  13 

21 

25 

31 

33 

Life   

  0 

0 

1 

0 

1 

Mathpmal'ral 

  1 

4 

2 

2 

3 

Phvsiral  .   

  0 

0 

2 

3 

3 

Socia' 

  0 

1 

2 

1 

1 

Cnmniftpr  ^nppialt^t^ 

11 

16 

19 

25 

25 

Tprhniri;^n^ 

  101 

121 

125 

124 

124 

Tradf*  all  nrniDations                                           .  .  .  . 

  20.310 

20.870 

23.641 

25.662 

25.391 

  66 

66 

72 

96 

106 

  40 

36 

45 

70 

75 

  3 

0 

0 

0 

0 

  16 

1 1 

16 

34 

  18 

9 

7 

7 

7 

  0 

0 

15 

16 

1  Q 

Other'   

  3 

15 

8 

13 

13 

Qpipniicic                                                                                                   .  . 

  26 

30 

27 

26 

31 

Life   

  0 

1 

1 

2 

2 

Mathpmatiral                                               .        .  . 

  0 

2 

0 

0 

0 

Physical   

  1 

2 

2 

0 

3 

Onmpritpr  snpcialists 

  25 

26 

24 

25 

27 

Tpchnicians   

  122 

145 

152 

143 

136 

Financial  services,  all  occupations 

  5.160 

5.468 

6.273 

6.668 

6.671 

  52 

73 

IS 

108 

123 

  5 

8 

10 

10 

ID 

Safety   

  0 

5 

6 

5 

5 

  5 

3 

3 

5 

11 

  47 

64 

85 

98 

108 

  16 

23 

27 

28 

28 

  2 

7 

6 

5 

7 

  28 

33 

52 

55 

72 

Tpchnicians   

  39 

53 

63 

71 

67 

  545 

576 

681 

770 

746 

All  scientists  and  engineers  

  125 

157 

165 

194 

185 

..     ..  115 

146 

152 

173 

162 

  1 

2 

4 

7 

6 

Metallurgical,  ceramic,  matenals   

  0 

1 

1 

1 

1 

  1 

1 

1 

1 

0 

Chemical   

.     ...  5 

4 

4 

6 

5 

Nuclear  

  1 

2 

3 

3 

3 

Civil  

46 

63 

64 

62 

59 

(continued) 
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Appendix  table  3-1 . 

Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989,  and  1992 
(page  6  of  6) 


Industry 


Number  of  jobs 


380 

1983 

1986 

1 989 

 • 

   • 

Thousands 

21 

25 

30 

36 

34 

2 

3 

5 

5 

5 

1 

1 

1 

3 

2 

27 

27 

25 

32 

30 

1 

o 
c 

p 

c 

p 

0 

3 

2 

3 

3 

\  o 

1 P 

1  c 

1  H 

1  0 

11 

11 

13 

21 

22 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

4 

4 

7 

12 

13 

2 

1 

1 

1 

1 

3 

3 

3 

5 

6 

156 

199 

220 

250 

233 

304 

416 

588 

736 

831 

41 

59 

91 

138 

168 

5 

11 

29 

55 

69 

4 

9 

25 

47 

59 

0 

1 

1 

1 

1 

0 

0 

1 

1 

2 

0 

1 

1 

4 

5 

1 

1 

2 

2 

3 

37 

48 

62 

84 

99 

4 

5 

8 

7 

9 

0 

0 

0 

1 

1 

0 

0 

1 

2 

2 

33 

42 

53 

74 

87 

51 

78 

106 

131 

149 

Electrical/electronic  

Industrial  

Safety  

Mechanical  

Marine  

Sales  

Other'  

Scientists  

Life  

Mathenrjaticai  

Physical  

Social  

Computer  specialists  

Technicians  

Computer  services,  all  occupations  . 

All  scientists  and  engineers  

Engineers  

Electrical/electronic  

Industrial  

Mechanical  

Saies  

Other'  

Scientists  

Mathematical  

Physical  

Social  

Computer  specialists  

Technicians  


NOTES:  Details  may  not  sum  to  totals  because  of  rour.omg.  Due  to  revisions  in  Standard  Industrial  Classification  codes  in  1987,  employment  estimates  for  1989  and 
1992  may  not  be  strictly  comparable  with  estimates  for  earlier  years. 

'The  "other"  engineering  category  includes  a  number  of  smaller  fields  that  are  combined  in  the  interest  of  space.  None  of  (hese  fields  individually  accounts  for  more 
than  about  5  percent  of  the  total  engineenng  jobs. 

^Estimates  prior  to  1989  exclude  noncommercial  education  and  research  organizations. 

SOURCES:  Division  of  Science  Resources  Studies.  Naiional  Science  Foundation,  and  the  Bureau  of  Labor  Statistics,  unpublished  tabulations 
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Appendix  table  3-3. 

Estimated  full-time-equivalent  scientists  and  engineers  employed  In  R&D  in  the  United  States,  by  sector:  1969-89 


R&D  scientists  &  engineers 


Labor  force 


United  States 


Industry^ 


All  other^ 


Ratio  of  R&D  scientists 
<  engineers  to  labor  force^ 


-  Millions  • 

1969   83.0 

1970   84.9 

1971    86.4 

1972    88.8 

1973   91.2 

1974    93.7 

1 975    95.5 

1976   97.8 

1977   100.7 

1978    103.9 

1979   106.6 

1980    108.5 

1981   1";0.3 

1982   111.9 

1983    113.2 

1984   115.2 

1985    117.2 

1986   119.5 

1 987  ...  .    ...    .  121.6 

1 988   1 23.4 

1989    125.6 


552.7 
543.8 
523.5 
515.0 
514.6 
520.6 
527.4 
535.2 
560.6 
586.6 

614.5 
651.1 
683.2 
711.8 
751.6 
797.6 
841.6 
882.3 
910.2 
927.3 

949.3 


■  Thousands 

385.6 
375.6 
358.6 
354.0 
358.9 
361.7 
363.9 
373.6 
393.6 
414.2 

437.3 
469.2 
498.8 
525.4 
562.5 
603.3 
646.8 
683.4 
702.2 
714.4 

726.0 


167.1 
168.2 
164.9 
161.0 
155.7 
158.9 
163.5 
161.6 
167.0 
172.4 

177.2 
181.9 
184.4 
186.4 
189.1 
194.3 
194  8 
198.9 
208.0 
212.9 

223.3 


66.6 
64.1 
60.6 
58.0 
56.4 
55.6 
55.3 
54.7 
55.7 
56.5 

57.7 
60.0 
61.9 
63.6 
66.4 
69.2 
71.8 
73.8 
74.9 
75.2 

75.6 


NOTE:  Data  are  based  on  surveys  of  employers  and  include  fuii-time  employees  plus  the  full-time  equivalent  of  part-time  employe'^s.  Data  exclude  scientists  and 
engineers  employed  in  state  and  local  government  agencies. 

'Industry  data  include  professional  R&D  personnel  employed  at  industry-administered  federally  financed  R&D  centers.  Data  exclude  social  scientists. 

^Estimates  are  for  the  Federal  Government  (including  managers  of  R&D),  unive.  sities  and  colleges  (including  the  number  of  full-time  equivalent  graduate  students 
receiving  stipends  and  engaged  in  R&D),  other  nonprofit  institutions,  and  federally  financed  R&D  centers  administered  by  universities  and  other  nonprofit  institutions. 
Estimates  since  1985  exclude  military  service  personnel. 

^Number  of  fuli-time-equtvalent  scientists  and  engineers  employee  in  R&D  activities  per  10,000  labor  force  population. 

SOURCES:  Science  Resources  Studies  Diviblon.  National  Science  Foundation.  National  Patterns  of  R&D  Resources:  1992.  Final  Report.  NSF  92-330  (Washington. 
DC.  NSF:  1992):  and  Bureau  of  Labor  Statistics.  Employment  and  Earnings. 
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Appendix  table  3-4. 

Doctoral  scientists  and  engineers  primarily  employed  in  R&D,  by  employment  sector  and  degree  field:  1991 


Industry  Academia 
Basic        Applied      Develop-  Basic        Applied  Develop- 

Degree  field  R&D        research      research        ment         R&D         research      research  ment 


Percent 


Total  science  and  engineering  .  . 

48.4 

3.8 

27.5 

17.1 

36.1 

23.7 

11.9 

0.6 

Sciences  

46.2 

4.5 

29.3 

12.4 

36.4 

25.4 

10.6 

0.4 

Physical  sciences  

55.6 

4.8 

35.7 

15.1 

43.1 

30.0 

11.7 

1.4 

Chemistry  

54.9 

4.8 

37.9 

12.2 

37.1 

27.6 

9.0 

0.5 

Physics/astronomy  

57.2 

4.8 

30.3 

22.2 

49.1 

32.3 

14.4 

2.4 

Mathematical  sciences  

44.0 

2.6 

19.7 

21.7 

26.2 

19.5 

5.8 

0.9 

Mathematics  

47.9 

2.6 

19.0 

26.3 

25.2 

19.4 

4.8 

1.1 

Statistics/probability  

31.4 

2.4 

22.1 

6.9 

32.1 

20.2 

11.9 

Computer/information  sciences  .  . 

58.2 

7.3 

25.0 

25.9 

45.8 

27.0 

13.0 

0.8 

Environmental  sciences  

ou.o 

'i 

10.5 

0.5 

Earth  sciences  

34.6 

0.8 

31.1 

2.7 

30.2 

22.8 

6.9 

0.5 

Oceanography  

42.9 

8.2 

29.8 

5.0 

71.4 

57.7 

13.7 

Atmospheric  sciences  

43.5 

10.4 

24.9 

8.3 

58.0 

30.7 

26.8 

0.6 

Life  sciences  

44.2 

5.8 

29.0 

9.3 

52.3 

38.5 

13.5 

0.3 

Biological  sciences  

45.8 

7.9 

30.4 

7.5 

55.5 

45.9 

9.3 

0.3 

Agricultural  sciences  

39.3 

0.7 

22.9 

15.7 

50.7 

15.9 

34.5 

0.3 

Medical  sciences  

43.3 

3.7 

30.4 

9.1 

39.5 

24.5 

14.6 

0.4 

Psychology  

23.1 

2.0 

10.6 

10.5 

24.4 

15.3 

9.0 

Social  sciences  

21.5 

0.8 

17.3 

3.4 

17.8 

10.0 

7.8 

Economics  

20.6 

1.4 

18.2 

0.9 

23.1 

10.9 

12.1 

Sociology/anthropology  

17.8 

0.7 

15.4 

1.7 

17.7 

11.3 

6.4 

Other  social  sciences  

24.1 

0.5 

17.6 

6.0 

14.5 

8.5 

6.0 

Ennineering  

53.7 

2.2 

23.3 

28.1 

33.6 

10.8 

21.4 

1.4 

Aeronauticai/astronautical  

65.4 

0-4 

34.1 

30.8 

36.7 

15.7 

19.8 

1.2 

Chemical  

56.5 

1.0 

29.3 

26.1 

34.5 

16.2 

17.6 

0.6 

Civil  

28.9 

1.3 

13.2 

14.4 

17.6 

2.1 

15.5 

Electrical/electronic  

58.7 

1.2 

21.9 

35.7 

33.7 

11.2 

20.8 

1.7 

Materials  

61.8 

4.8 

34.4 

22.6 

34.4 

15.8 

18.7 

Mechanical  

53.6 

4.3 

19.4 

29.9 

29.6 

9.5 

17.3 

2.8 

Nuclear  

43.4 

1.7 

15.4 

26.3 

60.4 

10.5 

38.1 

11.8 

Systems  design  

44.7 

6.3 

38.4 

49.6 

11.5 

38.1 

Other  engineenng  

47.0 

3.5 

18.0 

25.5 

38.5 

11.5 

26.0 

1.0 

*  =  no  cases  reported 

SOURCE:  Science  Resources  Studies  Division.  Natrona!  Science  Foundation.  Characteristics  of  Doctoral  Saentists  and  Er)gir)eers:  1991  {Washington.  DC  NSF. 
forthcoming). 
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Appendix  table  3-7. 

Employed  wage  and  salary  workers  who  usually  work  full  time,  by  occupation:  1987  and  1992 


Dccupation 


Total,  all  occupations 


Managerial  and  professional  specialty  occupations. 

Executive,  administrative,  and  managerial  

Professional  specialty  occupations  

Architects  

Engineers  

Aerospace  

fy/letallurgical  and  materials  

Mining  

Petroleum  

Chemical  

Nuclear  

Civil  

Agricultural  

Electrical/electronic  

Industrial  

Mechanical  

Marine  and  naval  architects  

All  other  engineers  

Mathematical  and  computer  scientists  

Natural  scientists  

Physicists  and  astronomers  

Chemists,  except  biochemists  

Atmospheric  and  space  scientists  

Geologists  and  geodesists  

All  other  physical  scientists  

Agricultural  and  food  scientists  

Biological  and  life  scientists  

Forestry  and  conservation  scientists  

Medical  scientists  

Physicians  

Registered  nurses  

Pharmacists  

Teachers,  college  and  university  

Teachers,  except  college  and  university  

Social  scientists  and  urban  planners  

Economists  

Psychologists  

Social  workers  

Lawyers  

Editors  and  reporters  


Employment 

Change 

1987 

1992 

1 987-92 

■  -Thousands 

Percent 

80.836 

84.143 

4.1 

20,894 

23,246 

1 1.3 

"•0,216 

1 1 .287 

10.5 

10,678 

11.959 

74 

82 

10.8 

1,641 

1,594 

106 

83 

21 

21 

5 

4 

26 

17 

58 

64 

\  u.o 

16 

6 

200 

197 

1 

2 

1  nn  n 

513 

472 

225 

200 

\i  1  .  1 ; 

250 

286 

14.4 

1 1 

14 

C.  1  .o 

207 

228 

10.1 

628 

861 

37.1 

357 

402 

1  ^.o 

26 

23 

\  \  \  O) 

121 

120 

12 

7 

\^  \  .1 ) 

36 

47 

30  6 

13 

30 

130  8 

25 

20 

(20.0) 

66 

81 

22.7 

22 

22 

0.0 

36 

53 

47.2 

239 

294 

23.0 

1,125 

1.266 

12.5 

104 

143 

37.5 

480 

495 

3.1 

2.894 

3,418 

18.1 

217 

232 

6.9 

92 

93 

1.1 

103 

102 

(1.0) 

428 

523 

22.2 

338 

381 

12.7 

210 

197 

(6.2) 

SOURCE:  Bureau  of  Labor  Statistics.  Current  Population  Survey,  unpublistied  tabulations. 
See  figure  3-8 
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Appendix  table  3-8. 

Median  annual  salaries  of  engineers,  by  industry:  1987  and  1992 


Industry  1987  1992  1987-92 

Dollars   -  -  -  Percent 


AM  industries  

47.150 

54,900 

16.4 

Aii  manufacturino  industries  

46.050 

53.850 

16.9 

44  950 

CO  ccfi 

17  1 

Chemicals,  drugs,  and  plastics  

51,000 

65.400 

28.2 

Electric  machinery/electronics/computers  

43,900 

52,250 

19.0 

Electrical  machinery  

42,500 

48,900 

15.1 

43.800 

52,150 

19.1 

Computers  

48.350 

56,950 

17.8 

Fabricated  metal  products  

44.500 

47.700 

7.2 

Nonelectrical  machinery  

40,250 

49,150 

22.1 

Petroleum  

57,000 

72,500 

27.2 

Precision  instruments  

43,400 

52.300 

20.5 

Other  dLJrat)le  goods  

45,800 

57.800 

26.2 

Other  nondurable  goods  

45,800 

58,900 

28.6 

All  nonmanufacturing  industries  

48,950 

56,150 

14.7 

Construction  

41.750 

58.600 

40.4 

Consulting  and  engineering  sen/ices  

46,450 

57,300 

23.4 

Electric  and  gas  utilities  

47,700 

57,500 

20.5 

Resear.n  and  development  organizations  

53.250 

63,500 

19.2 

Other  nonmanufacturing  

44,950 

53,500 

19.0 

SOURCE:  Engineering  Workforce  Commission,  annual  survey  of  engineers'  salaries,  1987  and  1992  Special  Industry 

Reports 
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Appendix  table  3-9, 

Median  annual  salaries  of  engineers  working  in 
industry,  by  supervisory  status  and  degree  level: 
1987  and  1992 


Degree  level 

and  supervisory  status 


Bachelors . 


Masters 


Doctorate 


Salaries 

Change 

1987 

1992 

1987-92 

-  - '  Dollars 

-  -  Percent  - 

47,150 

54,900 

16.4 

59,450 

70,050 

17.8 

42,650 

50,050 

17.4 

44,150 

52,550 

19.0 

56,150 

67,800 

20.7 

40,250 

48,100 

19.5 

51,950 

59,350 

14.2 

63,750 

73,100 

14.7 

46,550 

54,150 

16.3 

59,700 

70,600 

18.3 

70.550 

84,600 

19.9 

55,200 

64,550 

16.9 

SOURCE:  Engineering  Workforce  Commission,  annual  sun/ey  of  engineers' 
salaries.  1987  and  1992  Special  Industry  Reports. 
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Appendix  table  3-12. 

Median  annual  earnings  of  wage  and  salary  workers  who  usually  work  full  time, 
by  selected  occupation:  1987  and  1992 

Earnings 

-    -  -     ^  Change 

Occupation  1987  1992  1987-92 

Dollars  Percent 

Total,  all  occupations   19,396  23,140  19.3 

Managerial  and  professional  specialty  occupations.  .  .  27,144  34.060  25.5 

Executive,  administrative,  and  managerial   27,560  33,800  22.6 

Professional  specialty  occupations   26,936  34,268  27.2 

Architects   33,124  35,984  8.6 

Engineers   37,440  44.824  19.7 

Aerospace   39,364  49,244  25.1 

Chemical   42,068  5 1 .064  21 .4 

Civil   34.528  43,160  25.0 

Electrical/electronic   38.272  46,384  21.2 

Industrial   34,736  40,664  17.1 

Mechanical   37.544  42.796  14.0 

Mathematical  and  computer  scientists   32,448  41,548  28.0 

Natural  scientists   31,980  38,012  18.9 

Chemists,  except  biochemists   32,812  39,416  20.1 

Biological  and  life  scientists   27.300  34.476  26.3 

Physicians   36,296  52,364  44.3 

Registered  nurses   25,064  34,424  37.3 

Pharmacists   35.204  45.032  27.9 

Teachers,  college  and  university   33,020  41,548  25.8 

Teachers,  except  college  and  university   24,440  29.172  19.4 

Social  scientists  and  urban  planners   27,872  36,660  31.5 

Economists   33,020  38,896  17.8 

Psychologists   25,116  34,580  37.7 

Social  workers   21.476  25.428  18.4 

Lawyers   42,328  56,420  33.3 

Editors  and  reporters   23,452  30,212  28.8 

SOURCE:  Bureau  of  Labor  Statistics.  Current  Population  Survey,  unpublished  tabulations. 
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Appendix  table  3-13. 

Average  annual  salary  offers  to  bachelors  degree  candidates,  In  selected  fields:  198B-93 


Salary  offers 

Degree  field   1988  1989  1990  1991  1992 

Dollars 

Accounting.   24,000  25,223  26.391  26.642  27.179 

Business  administration  ..  .  21,456  22,450  23,529  24.019  24,305 

Communications   20.220  20,819  21,002  21.852  21,262 

Nursing   23,652  24,915  28,270  29,596  31.732 

Engineering 

Aerospace/aeronautic   28.176  29,433  30,509  30.667  31,826 

CheiT'Cal   30,996  32,949  35.122  37,492  39,203 

Civil   25,596  27.046  28,136  29.658  29,376 

Computer   29.736  30.244  31,490  32,280  32,848 

Electrical   29.736  30,594  31,778  33.190  33,754 

Industrial   28,476  29,660  30,525  32,131  32,348 

(VIechanical   29,388  30,490  32,064  33,999  34,462 

Petroleum   32.016  32.789  35,202  38.882  40,679 

Biological  sciences   20,364  21,495  21,800  21,917  21,851 

Chemistry   26.004  26,307  27,494  26.836  27,557 

Computer  science   27,408  28.659  29,804  30,696  30,523 

Mathematics   26,724  26.407  27,032  27,370  28,434 

Physics   27,816  28.022  28.022  29,227  29,019 

Psychology   20,592  19,400  20,688  20,541  20,180 

Sociology   NA  1 8.979  20,1 34  20,341  21 .01 5 

NA  =  not  available 

SOURCE:  College  Placement  Council,  Sun/ey  of  Beginning  Salary  Offers,  annual  series. 
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Appendix  table  3-15. 

Median  annual  salaries  of  full-time  employed  doctoral  scientists  and  engineers,  by  degree  field 
and  type  of  employer:  1991 


Total 

Educational 

Federal 

INUripi  Ulll 

Degree  field 

employed 

Industry 

institutions 

Government 

organizations 

Trktal  e/^i^nr'^  anH  pnninpprinn 

60  700 

70.200 

56.300 

60,300 

59.600 

nnn 

69.000 

55,200 

59.700 

55,600 

65,100 

68  800 

61 .100 

61,700 

63.500 

63,200 

66.900 

56.500 

61.300 

57,500 

67  100 

73.000 

64,500 

62.700 

65.900 

fin  ftnn 

70  700 

56,700 

70,300 

60  100 

70.600 

55,800 

74.200 

62.400 

70.800 

60,000 

• 

fip  1  nn 

75  600 

fi*^  600 

60  200 

70,300 

55,600 

62,200 

55,900 

fin  '^nn 

72.100 

55,400 

62,700 

fin  /inn 

.   .   .  .  DU,*+UU 

67  400 

S6  000 

60,300 

S8  300 

51,900 

55.500 

65,200 

52,100 

54,500 

56,700 

Biological  sciences  

55,500 

65,500 

52,000 

54,500 

56,400 

Anrlpi ilf  1  irol  QPiPnPPC 

51,500 

55,600 

50,100 

54,200 

59,800 

•^Q  son 

70,900 

55,000 

57,000 

snn 

....  oo.ouu 

70,500 

53,400 

54,700 

50,000 

Social  sciences   

....  OD.UUU 

in  ^nn 

C.C  nnn 

fifi  nnn 

52.400 

64  200 

90.200 

60,400 

68,500 

cn  cnn 

sn  nno 

51 ,300 

52,400 

40.500 

55  200 

73,000 

52,400 

67.400 

56.000 

70,200 

71 ,400 

67,800 

65,400 

72,200 

73  200 

75,600 

72.300 

71,400 

74.400 

66,200 

65,200 

64,900 

66,400 

63,900 

Electrical/electronic  

74,200 

75,900 

72,800 

70,800 

70.400 

64,800 

62,900 

70,700 

68,900 

73,200 

67,200 

59.900 

Nuclear  

70,400 

67,700 

70,500 

Systems  design  

71,300 

72,800 

69,000 

68,000 

70,500 

66,400 

61.200 

*  -  no  medians  were  computed  tor  groups  with  fewer  than  20  individuals  reporting  salary 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Doctoral  Scientists  and  Engineers.  1991  (Washington.  DC"  NSF. 
forthcoming) 
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Appendix  table  3-20. 

Nonacademic  scientists  and  engineers  in  selected  countries,  by  sector  ot  employment:  Most  current  year 


Sector 


West  United  United 

Canada  France  Germany  Japan  Sweden  Kingdom  States 
(1986)  (1992)  (1985)  (1990)  (1985)  (1990)  (1992) 


Percent 


Scientists 


Total                                                    100.0            100.0           100.0           100.0            100.0  100.0  100.0 

Agriculture                                              3.4              0.3             0.2              0.2               0.6  1.7  0.8 

Mining                                                   4.4               1.8                ^              0.0               0.3  1.6  1.5 

Manufacturing                                        14.1             19.3            43.0            23.0             25.0  30.9  22.2 

Construction                                             0.5               0.5              0.9              0.4               1.7  0.7  0.2 

Wholesale  and  retail  trade                            4.8              6.0             2.2              0.5             10.0  4.4  3.1 

Transportation,  communications, 

and  public  utilities                                     7.6               2.5              2.9              0.5               5.3  6.8  4.0 

Business  and  professional  services  ..  .          21.3             43.6            39.7            73.7             28.6  25.0  48.2 

Government                                             NA               NA              7.4              1.6               NA  NA  19.6 

Another                                                44.1              25.9              3.7              0.0             28.5  28.9  — 

Engineers 

Total                                                      100.0            100.0           100.0            100.0            100.0  100.0  100.0 

Agriculture                                               0.7               0.0              0.1               0.2               0.4  0.0  0.1 

Mining                                                    6.1               4.3                 ^              0.1               0.8  2.4  1.7 

Manufacturing                                           30.8             43.2            43.9             30.6             47,8  48.6  48.4 

Construction.^                                           4.6               8.1             10.5             21.7              16.9  10.1  2.0 

Wholesale  and  retail  trade                            2.0              5.5              1.9              3.2               5.1  3.5  4.2 

Transportation,  communications, 

and  public  utilities                                   14.4              8.1             10.1              4.2               8.3  9.3  5.7 

Business  and  professional  services  .  .  .          28.1             15.8            21.0            37.0             12.2  18.8  22.8 

Government                                             NA               NA             12.0              3.1               NA  NA  14.3 

All  other    13.2  15^  0^5  00  8^6  7^2  — 

—  =  less  than  0.05  percent:  NA  =  not  available,  but  include  in  "all  other'  category. 
^Data  exclude  Northern  Ireland. 

^Mining  data  are  included  under  transportation,  communications,  and  public  utilities. 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Because  ol  rounding,  j'  -.dils  may  not  sum  to  100  percent.  Figures  for 
France.  West  Germany.  Japan.  Canada.  Sweden,  and  the  United  Kingdom  are  estimates  prepared  by  the  U.S.  Bureau  of  the  Census  based  on  published  and 
unpublished  census  and  survey  data  for  the  year  shown 

SOURCES:  Bureau  of  Labor  Statistics.  Occupational  Employment  Survey.  Bureau  of  the  Census,  and  Science  Resources  Division.  National  Science  Foundation, 
unpublished  tabulations. 
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Appendix  table  3-21 . 

Scientists  and  engineers  in  manufacturing  for  selected  countries,  by  occupation  group:  Most  current  year 


West 

United 

United 

Canada 

France 

Germany 

Japan 

Sweden 

Kingdom' 

States 

Occupation 

(1986) 

(1992) 

(1985) 

(1985) 

(1985) 

(1990) 

(1992) 

Total  scientists  and  engineers  .  .  .  . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1 00.0 

Scientists 

39  3 

30.2 

18.4 

25.7 

19.1 

32.4 

21.2 

Natural  

11.3 

8.8 

10.9 

4.4 

5.4 

10.0 

9.3 

Computer  

24.4 

20  0 

21.2 

8.4 

22.4 

11.9 

Social/other  

3.6 

1.4 

7.4 

0.1 

5.3 

0.0 

0.0 

Engineers  

60.7 

69.8 

81.6 

74.3 

80.9 

67.6 

78.8 

Civil  

4.1 

2.2 

25.9 

32.1 

2.2 

0.8 

0.7 

Electrical/electronic  

15.0 

26.9 

13.0 

15.4 

20.2 

16.8 

25.3 

Industrial/mechanical/other  

41.6 

40.8 

42.8 

26.8 

58.5 

50.0 

52.8 

'Data  exclude  Northern  Ireland. 

•'Systems  analysts  are  included  with  natural  scientists,  computer  engineers  are  included  with  electrical/electrontc  engineers. 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may  not  sum  to  totals  because  of  rounding.  Figures  for  France. 
West  Germany.  Japan.  Canada.  Sweden,  and  the  United  Kingdom  are  estimates  prepared  by  the  U.S  Bureau  of  the  Census  based  on  published  and  unpublished 
census  and  survey  data  for  the  years  shown. 

SOURCES.  Bureau  of  Labor  Statistics,  Occupational  Employment  Survey;  Bureau  of  the  Census:  and  Science  Resources  Division.  National  Science  Foundation, 
unpubfished  tabulations. 
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Appendix  table  4-1 . 

GDP  and  GDP  Implicit  price  deflators:  1960-94 


GDP  implicit  price  deflators  GDP  

Calendar  year  Fiscal  year  Calendar  year  F'.scal  year 

Billions  of  dollars 

1960                             0.260  0.261  513.3  505.9 

1961                             0.263  0.263  531.8  516.9 

1962                              0.269  0.268  571.6  554.3 

1963                              0.272  0.272  603.1  '^So.O 

1964                              0  277  0.276  648  0  626.5 

1965                              0.284  0.283  702.7  671.4 

1966                              0.294  0.291  769.8  738.6 

1967                              0.303  0.301  814.3  791.3 

1968                              0.318  0.312  889.3  849.8 

1969                              0.334  0.328  959.5  925  6 

1970                              0.352  0.346  1.010.7  985.6 

1971                                0.371  0.363  1.097.2  1.051.6 

1972                              0.388  0.382  1.207.0  1.145.8 

1973                              0.413  0.402  1.349.6  1.278.0 

1974                              0  449  0.433  1.458.6  1.403.3 

1975                              0.492  0.476  1.585.9  1.511.0 

1976                              0.523  0.512  1.768.4  1.685.1 

1977                              0.559  0.554  1,974.1  1.919.7 

1976                              0.603  0  596  2.232.7  2.1564 

1979                              0.656  0.647  2.488.6  2.431.9 

1980                              0.717  0.706  2.708.0  2.644.5 

1981                               0.789  0.778  3.030.6  2.964.7 

1982                              0.838  0.836  3.149.6  3.124  9 

1983                              0.872  0.870  3.405.0  3.317.0 

1984                              0.910  0.909  3.777.2  3.696.7 

1985                              0.944  0.943  4.038.7  3.970.9 

1986                             0.969  0.971  4.268.6  4.219.6 

1987                              1.000  1.000  4.539.9  4.453.3 

1988                               1  039  1.036  4.900.4  4.810.0 

1989                              1.085  1.082  5.250.8  5.170.1 

1990                               1.132  1.127  5.522.2  5.459.5 

1991                              1.178  1.168  5.677.5  5.626.6 

1992                               1.209  1.201  5.943.1  5.869.6 

1993                               1.238  1.230  6.254.2  6.172.3 

1994                              1.267  1.260  6.593.5  6.506.9 

NOTE  Data  are  as  of  March  9  1993 

SOURCES  Bureau  of  Economic  Analysis  Survey  of  Cut  tent  Business  (Washington.  DC  Department  of 
Commerce  monthly  series') .  and  Office  of  Management  and  Budget  unpublished  tabulations 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-2. 

Purchasing  power  parities  and  market  exchange  rates,  by  selected  country:  1970-91 


Purchasing  power  parities 

Market  exchange  rates 

<^C4l  ictuct 

,- 

t"  ranee 

Germany 

Italy 

Japan 

United  Kingdom 

Germany 

Japan 

Units  of  foreign  currency  per  U.S.  dollar 

1970   

1.11 

4.23 

2.87 

401 

A  0"70 
\J.dfO 

3.65 

358 

1971  

1.09 

4.28 

2.94 

408 

242 

0.284 

3.48 

347 

1972   

1.10 

4.39 

2.96 

41 5 

r\  AC 

24b 

0.294 

3.19 

303 

1973   

  1.13 

4.47 

2.95 

440 

260 

f\  one 

2.65 

271 

1974   

1.18 

4.60 

2.8S 

484 

286 

0.31 1 

2.58 

292 

1975   

  1.18 

4.73 

2.79 

51 3 

280 

A  OCA 

O.obO 

2.45 

297 

1976   

  1.21 

4.94 

2.72 

572 

284 

A  OQA 

2.52 

297 

1977   

1.20 

5.04 

2.64 

635 

283 

0.417 

2.32 

268 

1978   

  1.19 

5.17 

2.56 

675 

277 

0.432 

2.00 

208 

1979   

  1 .20 

5.23 

2.45 

715 

261 

0.454 

1 .83 

218 

1980   

  1 .22 

5.35 

2.35 

786 

250 

0.497 

1 .81 

226 

1981  

1.23 

5.44 

2.24 

855 

237 

0.506 

2.25 

221 

19C2  

1.26 

5.73 

2.19 

941 

226 

0.511 

2.43 

249 

1983   

  1 .27 

6.07 

2.20 

1.048 

222 

0.520 

2.55 

238 

1984   

.    ...  1.27 

6.29 

2.16 

1.129 

219 

0.525 

2.85 

238 

1985   

  1.27 

6.48 

2.15 

1.196 

217 

0.548 

2.94 

239 

1986   

1.27 

6.68 

2.18 

1.264 

216 

0.548 

2.17 

168 

1987   

  1.29 

6.69 

2.16 

1.300 

210 

0.559 

1  80 

145 

1988   

1.31 

6.69 

2.12 

1.342 

204 

0.576 

1.76 

128 

1989   

  1 .32 

6.66 

2.09 

1.371 

200 

0.593 

1.88 

138 

1990   

1.31 

6.59 

2.08 

1.415 

196 

0.608 

1.62 

145 

1991  

  1 .30 

6.53 

2.09 

1.460 

193 

0.623 

1.70 

135 

NOTE:  German  data  are  for  the  former  West  Germany  only 

SOURCES;  Organisation  for  Economic  Co-operation  and  Development.  Mam  Science  and  Technology  Indicators  database-  and  International  Ivlonetary  Fund. 
Internationa!  Statistics  V'eardooA  (Washington.  DC  IMF.  1992) 

See  figure  4-6.  Science  &  Engineering  Indicators  -  i993 
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Appendix  table  4-4. 

National  expenditures  for  total  R&D,  by  source  of  funds  and  performer:  1970-93 


Source  ot  funds 


Total 


Federal 
Government 


Universities  Other 
Industry    &  colleges^  nonprofits 

Millions  of  current  dollars 


Federal 
Government 


1970   

26.134 

14.891 

10.444 

462 

1971 

26.676 

14.964 

10.822 

529 

1972  .... 

28.476 

15.807 

11.710 

574 

1973 

30.718 

16.399 

13.293 

613 

1974 

32.863 

16.850 

14.877 

676 

1975 

35.213 

18.109 

15.820 

749 

1976 

.  39.018 

19.914 

17.694 

809 

1977 

42.783 

21.594 

19.629 

888 

1978   .  . 

48.128 

23.875 

22.450 

1.037 

1979 

54.953 

26.825 

26.082 

1.214 

1980   

62.610 

29.461 

30.912 

1.334 

1981  , 

71.869 

33.415 

35.945 

1.549 

1982 

80.018 

36.533 

40.692 

1.727 

1983   .  .  . 

89.143 

40.838 

45.252 

1.927 

1984 

101.142 

45.648 

52.204 

2.101 

1985. . . 

.  ..  113.818 

52.127 

57.978 

2.369 

1986   

..  119.531 

54.281 

61.057 

2,784 

1987 

125.353 

57.912 

62.643 

3.192 

1988   

133.742 

61,320 

67.144 

3.462 

1989 

140.771 

62.634 

72.110 

3.947 

1990   146.434  63.996  75.714  4.356 

1991    145.383  59.146  78.804  4.850 

1992   154.500  65.150  81.050  5.400 

1993   160.750  68.000  83.550  6.000 


337 
361 
385 
413 
460 
535 
601 
672 
766 
832 

903 
960 
1.016 
1.126 
1.189 
1.344 
1.409 
1.606 
1.816 
2.080 

2.368 
2.583 
2.900 
3.200 


4.079 
4.228 
4.589 
4.762 
4.911 
5.354 
5.769 
6.012 
6.810 
7.418 

7.632 
8.426 
9.141 
10.582 
11.572 
12.945 
13.535 
13.413 
14.281 
15.121 

16.002 
15.238 
16.600 
16.600 


Industry 

18.067 
18.320 
19.562 
21.249 
22.887 
24.187 
26.997 
29.825 
33.304 
38,226 

44.505 
51.810 
58.650 
65.268 
74.800 
84.239 
87.823 
92.155 
97.889 
101.854 

104.606 
102.246 
107.800 
112.300 


Performer 

Universities 
&  colleges 


U&C 
FFRDCs- 


Other 
nonprofits 


2.335 

737 

916 

2.500 

716 

912 

2.630 

753 

952 

2.884 

817 

1.006 

3,022 

865 

1.178 

3.409 

987 

1.276 

3.729 

1.147 

1.376 

4.067 

1.384 

1.495 

4.625 

1.717 

1 .672 

5.380 

1.935 

1.994 

6.077 

2.246 

2.150 

6.847 

2.486 

2.300 

7.323 

2.479 

2.425 

7.881 

2.737 

2.675 

8.620 

3.150 

3.000 

9.686 

3.523 

3.425 

10.928 

3.895 

3.350 

12.154 

4.206 

3.425 

13.466 

4.531 

3.575 

15.016 

4.730 

4.050 

16.344 

4.832 

4.650 

17.620 

5.079 

5.200 

19.050 

5.300 

5.750 

20.550 

5.300 

6.000 

Millions  of  constant  1987  dollars'* 


1970   

74.597 

42.622 

29.673 

1.335 

966 

11.789 

51.327 

6.749 

2.130 

2.602 

1971 

72.345 

40.730 

29.174 

1.457 

984 

1 1 .647 

49.380 

6.887 

1.972 

2.458 

1972  

73.714 

41.029 

30.183 

1.503 

1.000 

12.013 

50.392 

6.885 

1.971 

2.454 

1973 

74.938 

40.208 

32.192 

1.525 

1.013 

1 1 .846 

51.450 

7.174 

2.032 

2.436 

1974  . 

73.916 

38.170 

33.141 

1.561 

1.043 

1 1 .342 

50.973 

6.979 

1.998 

2.624 

1975  . 

72.237 

37.396 

32.162 

1.574 

1.105 

11.248 

49.161 

7.162 

2.074 

2.593 

1976 

75.041 

38.464 

33.837 

1.580 

1.161 

1 1 .268 

51.620 

7.283 

2.240 

2.631 

1977 

76.720 

38.793 

35.117 

1.603 

1.207 

10.852 

53.354 

7.341 

2.498 

2.674 

1978.  .  . 

80.070 

39.819 

37.234 

1.740 

1.277 

11.426 

55.231 

7.760 

2.881 

2.773 

1979  . 

84.082 

41.167 

39.763 

1.876 

1.276 

11.465 

58.271 

8.315 

2.991 

3.040 

1980 

87.669 

41.333 

43.118 

1.890 

1.268 

10.810 

62.071 

8.608 

3.181 

2.999 

1981 

91.407 

42.629 

45.563 

1.991 

1.225 

10.830 

65.665 

8.801 

3.^95 

2.915 

1982 

95.541 

43.702 

48.559 

2.066 

1.214 

10.934 

69.988 

8.760 

2.965 

2.894 

1983.  .  . 

.  .  .  102.284 

46.881 

51.896 

2.215 

1.293 

12.163 

74,849 

9.059 

3.146 

3.068 

1984   

...  111.173 

50.187 

57.368 

2.311 

1.307 

12.730 

82.198 

9.483 

3.465 

3.297 

1985   .  . 

120.599 

55.245 

61.418 

2.512 

1.425 

13.727 

89.236 

10.271 

3.736 

3,628 

1986 

123.295 

55.966 

63.009 

2.867 

1,453 

13.939 

90.633 

11.254 

4.011 

3.457 

1987  .  . 

125.353 

57.912 

62.643 

3.192 

1.606 

13.413 

92.155 

12.154 

4.206 

3.425 

1988. 

128.812 

59.094 

64.626 

3.342 

1.750 

13.785 

94.215 

12.998 

4.374 

3.441 

1989 

129.832 

57.801 

66.463 

3.648 

1.920 

13.975 

93.875 

13.878 

4.372 

3.733 

1990. 


129.504 


1991   123.691 


1992  . 


128.017 


1993    130.070 


56.653 
50.431 
54.068 
55.102 


66.890 
66.905 
67.046 
67.496 


3.865 
4.152 
4.496 
4.878 


2.097 
2.202 
2.407 
2.593 


14.199 
13.046 
13.822 
13.496 


92.408 
86.796 
89.165 
90.711 


14.502 
15.086 
15.862 
16.707 


4.287 
4.348 
4.413 
4.309 


4.108 
4.414 
4.756 
4.847 


FFRDC  =  federally  funded  research  and  development  center  U&C  =  universities  and  colleges 

NOTES-  Data  are  preliminary  for  1992  and  estimated  for  1993.  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data 
generally  are  estimated.  Expenditures  for  FFRDCs  administered  by  industry  and  nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector 

'Includes  state  and  local  government  funds  to  the  university  and  college  sector 

'U&C  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia 

'See  appendix  table  4>1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Patterns  of  R&D  Resources-  1992.  NSF  92-330  (Washington  DC  NSF. 
Q     19921:  ami  unpublished  tabulations 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-6. 

National  expenditures  for  basic  research,  by  source  of  funds  and  performer:  1970-93 


Source  of  funds 

Peiformer 



Fee  il 

Universities 

Other 

Federal 

Universities 

U&C 

Other 

Total 

GoverfH.iunt 

Industry' 

&  colleges^' 

nonprofits 

Government 

Industry 

&  colleges 

FFRDCs^ 

nonprofit 

Millions  of  current  dollars 

1970 

3.531 

2.471 

182 

559 

602 

1.796 

269 

305 

1971  . 

3.652 

2.509 

547 

400 

196 

566 

590 

1.914 

260 

322 

1972 

3.801 

2.605 

563 

415 

218 

597 

593 

2.022 

244 

345 

1973   

3.945 

2.708 

4Ut3 

224 

608 

631 

2.053 

296 

357 

1974...  . 

4.343 

3.017 

boU 

A'i  1 
4ol 

245 

696 

699 

2.153 

390 

405 

1975 

4.738 

3.270 

/  uo 

/177 

286 

734 

730 

2.410 

439 

425 

1976 

5.130 

3.589 

/by 

4/0 

297 

786 

819 

2.549 

512 

464. 

1977 

5.735 

4.021 

C07 

Did  I 

337 

914 

911 

2.800 

600 

510 

1978 

6.649 

4.702 

yb4 

bUo 

378 

1.029 

1.035 

3.133 

867 

585 

1979  ,  ,  ,  , 

7.570 

5.350 

71  ft 

/lb 

412 

1.089 

1.158 

3.628 

1.015 

680 

1980 

8.433 

5.909 

7Q7 

456 

1.182 

1.325 

4.042 

1.124 

760 

1981 

9.595 

6.619 

1.589 

907 

480 

1.302 

1.614 

4.593 

1.261 

825 

1982 

10.429 

7.099 

1.833 

998 

499 

1.465 

1.904 

4.878 

1.317 

865 

1 983   

11 .633 

7.771 

9  191 

1  171 
1.1/1 

570 

1.690 

2.223 

5.303 

1 .472 

945 

1984 

12.906 

8.491 

1  O^A 

596 

1.861 

2.608 

5.732 

1.675 

1.030 

1985..  .. 

..  14.192 

9.176 

1  AAI 
I  .44  f 

684 

1.923 

2.862 

6.553 

1.749 

1.105 

1986, 

16.585 

9.993 

A  1  '^9 

\  .  / OO 

727 

2.019 

4.047 

7.490 

1.859 

1.170 

1987 

17.993 

10.870 

A  9PQ 

831 

2.046 

4.323 

8.392 

2.012 

1.220 

1988 

18.775 

11.604 

O  1  i  0 

924 

2.050 

4.280 

8.893 

2.222 

1.330 

1989 

20.648 

12.967 

A  Odd 

9  Qftt^ 

1.047 

2.371 

4.646 

9.801 

2.330 

1.500 

1990 

22.099 

13.705 

4. bob 

O  ft  "1  c 

t  .b  1  b 

1.192 

2.366 

4.909 

10.681 

2.403 

1,740 

1991 

22.829 

14.351 

ii.y  1  y 

1,302 

2.446 

4.373 

1 1 .538 

2.572 

1.900 

1992 

24.380 

15.350 

4.41  U 

o.  loU 

1.440 

2.700 

4.500 

12.400 

2.700 

2.080 

1993 

26.220 

16.450 

4.b4U 

o.b4U 

1.590 

2.900 

4,700 

13.500 

2.850 

2.270 

Millions  of  constant  1 987  dollars-* 

1970 

10.161 

7.125 

1  ,D\Jd. 

1  .U1  d 

522 

1.616 

1.710 

5.191 

777 

866 

1971 

10.006 

6.892 

1.477 

1,102 

535 

1.559 

1.590 

5.273 

716 

868 

1972 

9.912 

6.805 

1.453 

1.086 

567 

1.563 

1.528 

5.293 

639 

889 

1973  .... 

9.748 

6.71 3 

1 .4Dy 

1  ni  fv 

1  .0  1  0 

551 

1.512 

1.528 

5.1 07 

736 

864 

1974 . .  . 

9.939 

6.934 

1  .4  Jo 

yyo 

557 

1.607 

1.557 

4.972 

901 

902 

1975 

9.875 

6.842 

1  .4oO 

1  nn9 

593 

1.542 

1.484 

5.063 

922 

864 

1976 

9.967 

6.991 

1 .4  /  J 

Q9P 

y^o 

575 

1.535 

1.566 

4.979 

1.000 

887 

1977 

10.329 

7.250 

1  Cjo 

yo  1 

606 

1.650 

1.630 

5.054 

1.083 

912 

1978 

11.124 

7.878 

1  ftni 
1  .bu  1 

1  ni 

1  .U  1  0 

631 

1.727 

1.716 

5.257 

1.455 

970 

1979 

11.661 

8.255 

1  .bb/ 

1  . 1  u  / 

633 

1.683 

1.765 

5.607 

1.569 

1.037 

1980   

11 .899 

8.354 

1   1  OQ 

641 

1.674 

1.848 

5.725 

1.592 

1.060 

1981 

12.289 

8.493 

2.017 

1.166 

613 

1.674 

2.046 

5.904 

1.621 

1.046 

1982 

12.467 

8.489 

2.188 

1.194 

596 

1.752 

2.272 

5.835 

1.575 

1.032 

1 983  .... 

,  ,  13.363 

8.929 

1  '5/1  ft 
1  .04D 

655 

1.943 

2.549 

6.095 

1 .692 

1 .084 

1984 

14.194 

9.340 

9  PI  Q 

1  '5Pf1 
1  tOOU 

655 

2.047 

2.866 

6.306 

1.843 

1.132 

1985 

15.045 

9.729 

O.KJD  f 

1  .004 

725 

2.039 

3.032 

6.949 

1.855 

1.171 

1986 

17.091 

10.294 

4.263 

1 .785 

749 

2.079 

4.176 

7.714 

1.915 

1.207 

1987  . 

17.993 

10.870 

4.289 

2.003 

831 

2.046 

4.323 

8.392 

2.012 

1.220 

1988 

18.107 

11.196 

3.980 

2.040 

891 

1.979 

4.119 

8.584 

2.145 

1.280 

1989   ,  . 

19.067 

11.979 

3.936 

2.186 

967 

2.191 

4.282 

9.058 

2.153 

1.382 

1990   .  .  . 

19.583 

12.152 

4.054 

2.321 

1.056 

2.099 

4.337 

9.477 

2.132 

1.537 

1991 

19.500 

12.270 

3.619 

2.499 

1.111 

2.094 

3.712 

9.878 

2.202 

1.613 

1992   ,  , 

20.263 

12.768 

3.652 

2.648 

1.196 

2.248 

3.722 

10.325 

2.248 

1.720 

1993   .  . 

21.280 

13.360 

3.753 

2.878 

1.289 

2.358 

3.796 

10.976 

2.317 

1.834 

FFRDC  ^  lederally  funded  research  and  development  center:  U&C  =  universities  and  colleges 

NOTES.  Data  are  preliminary  for  1992  and  estimated  for  1993.  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  whicn  data 
generally  are  estimated.  Expenditures  for  FFRDCs  administered  by  industry  and  nonprofit  institutions  are  included  m  the  totals  of  the  respective  sector. 

'The  imputation  procedure  for  industry  funding  of  lis  basic  research  changed  for  1986  and  after.  These  data  may  not  be  comparable  to  data  for  1985  and  earlier. 

'^includes  state  and  local  government  funds  to  the  university  and  college  sector. 

■'U&C  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia. 

'See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Patterns  of  R&D  Resources  1992.  NSF  92-330  (Washington.  DC:  NSF. 
O    32}:  and  unpublished  tabulations. 

y^C  s  figures  4-2  and  4-3.  '  "  .  4  L/  if^  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-6. 

National  expenditures  for  applied  research,  by  source  of  funds  and  performer:  1970-93 


Source  o\  funds 


Periormer 


Federal 

Universities 

Other 

Federal 

Universities 

U&C 

Other 

Total 

Government 

Industry' 

&  colleges' 

nonprofits 

Government 

Industry 

&  colleges 

FFROCs'* 

nonprofits 





Millions  of  current  dollars 

1970 

5.738 

3.097 

2.427 

99 

115 

1.345 

3.427 

427 

216 

323 

1971 

5.759 

3.028 

2.494 

115 

122 

1.322 

3.415 

474 

210 

338 

1972 

6.011 

3.131 

2.615 

.140 

125 

1.387 

3.514 

524 

221 

365 

1 973 

6.598 

3.395 

2.891 

172 

140 

1.480 

3.825 

713 

227 

353 

1 974 

7.189 

3  495 

3.332 

203 

159 

1  574 

4.288 

736 

178 

413 

1  Q'-C. 

7  802 

3.878 

3  517 

225 

182 

1.730 

4.570 

851 

203 

448 

1 976 

8.954 

4.442 

4.003 

282 

227 

2.093 

5.112 

1.016 

235 

498 

1977 

9.570 

4.61 1 

4.^  10 

303 

246 

2.044 

5.636 

1.067 

290 

533 

1 978 

10  584 

4.969 

4.981 

354 

280 

2.191 

6.300 

1.184 

319 

590 

1 979 

1 1  982 

5.478 

5.796 

413 

295 

2.392 

7.225 

1.313 

342 

710 

1  QHn 

13  61 9 

6.168 

6.693 

444 

314 

2.484 

8.450 

1.536 

424 

725 

1981  . 

16.366 

6,957 

8.535 

534 

340 

2.732 

10.699 

1.731 

424 

780 

1982 

18.155 

7.618 

9.556 

608 

363 

2.729 

12.323 

1.858 

430 

815 

1 983 

20.266 

8.752 

10.507 

621 

386 

3.020 

13.927 

1.988 

456 

875 

1984 

22.383 

9  458 

1 1.810 

700 

415 

2.903 

15.765 

2.254 

541 

920 

1 985 

25.334 

10.910 

13,217 

756 

451 

3.133 

18.255 

2.420 

591 

935 

1986 

27.075 

10.316 

15.437 

856 

466 

3.141 

19.760 

2.629 

565 

980 

>  JO  / 

27  685 

10.645 

1 5.542 

956 

532 

3.392 

19.813 

2.912 

538 

1.030 

'  yoo 

29  076 

10.642 

16.706 

1 .107 

621 

3.288 

20.595 

3.519 

534 

1.140 

31  984 

12.01 8 

1  7.943 

1 .306 

717 

3.611 

22.388 

4.080 

605 

1.300 

33  667 

12  524 

18.897 

1 .435 

811 

3.587 

23.628 

4.363 

629 

1.460 

1 QQ1 

35.350 

13.086 

19.785 

1 .591 

888 

4.093 

24.084 

4.570 

933 

1.670 

37  610 

14.250 

20.51 0 

1 .840 

1.010 

4.450 

25.400 

4.920 

1.000 

1.840 

1  5.450 

21 .070 

2.040 

1.120 

4.900 

26.500 

5.360 

1.000 

1.920 

Millions  of  constant  1987  dollars' 

1 970 

16.399 

8.888 

6.896 

286 

329 

3.887 

9.736 

1.234 

624 

918 

1971 

15.542 

8.270 

6.724 

317 

332 

3.642 

9.205 

1.306 

579 

911 

1972 

15.579 

8.148 

6.740 

366 

324 

3.631 

9.057 

1.372 

579 

941 

1  973 

1 6.1 36 

8.364 

7.002 

428 

343 

3.682 

9.262 

1.774 

565 

855 

1 974 

16  216 

7.964 

7.423 

469 

360 

3.635 

9.550 

1.700 

411 

920 

1 975 

16.048 

8.049 

7.151 

473 

375 

3.634 

9.289 

1.788 

426 

911 

1 7  258 

8.61 3 

7.656 

551 

438 

4.088 

9.774 

1.984 

459 

952 

1977 

1 7.1 75 

8.296 

7.890 

547 

442 

3.690 

10.082 

1.926 

523 

953 

1 973 

1  7.624 

8.302 

8.261 

594 

467 

3.676 

10.448 

1.987 

535 

978 

1  U^Q 
1  J 1  J 

18  351 

8.424 

8.837 

638 

452 

3.697 

11.014 

2.029 

529 

1.082 

1  QRO 

I  iJOU 

1 9  091 

8.685 

9.336 

629 

441 

3.518 

11.785 

2.176 

601 

1.011 

1981 

20.830 

8.891 

10.819 

586 

434 

3.512 

13.560 

2.225 

545 

989 

1982 

21  679 

9  102 

11.416 

727 

434 

3.254 

14.705 

2.222 

514 

973 

1 983 

23.255 

10.049 

12.050 

714 

443 

3.471 

15.971 

2.285 

524 

1.003 

1 984 

24.604 

1 0.399 

12.978 

770 

456 

3.194 

17.324 

2.480 

595 

1.011 

1 985 

26.844 

1 1 .563 

14.001 

802 

478 

3.322 

19.338 

2.566 

627 

990 

1986 

27.928 

10.635 

15.930 

882 

480 

3.235 

20.392 

2.708 

582 

1.011 

1987 

27  685 

10.645 

15  542 

966 

532 

3.392 

19.813 

2.912 

538 

1 .030 

1 988 

28.005 

10.258 

16.080 

1.069 

599 

3.174 

19.822 

3.397 

515 

1.097 

1989  . 

29.500 

1 1 .093 

16  538 

1.207 

662 

3.337 

20.634 

3.771 

559 

1.198 

1990 

29  775 

11.089 

16.695 

1.273 

718 

3.183 

20.873 

3.871 

558 

1.290 

1991 

30  078 

11.161 

16.798 

1.362 

757 

3.504 

20.445 

3.913 

799 

1.418 

1992 

31.165 

1 1 .828 

16.957 

1.532 

838 

3.705 

21.009 

4.097 

833 

1.522 

1993 

32.111 

12.523 

17.022 

1.659 

908 

3.984 

21.405 

4  358 

813 

1.551 

.  i-RDC    tHdff'ili/  ?j'">c1pc1  re'^tvinMi  .Hid  development  centcf  U8C    untverS'ties  collegtiS 

NOFFS  D.11,1  -irw  pf..!,niin.iry  Ur  19'j::  ond  ertimaled  tor  ^993   Data  are  based  on  annual  reporK  by  pfir^orfncers  except  for  thf;  nonprofit  sector  for  whicH  data  are 
^-'.ir.iiHO  SM-te  19:8  Ihe  appliod  resparch  dovolopmeni  split  lor  tlie  academic  sector  has  been  estimated  Expenditures  lor  FFRDCs  administered  by  industry  and 
iioi'y:o«it  irMitiit'On>  art-  includeo  <n  {iic  totals  of  the  rpspt-ctive  sector 

Thfj  .mpu'.at'on  proLt'dure  lor  tndy^try  funding  ol  its  apphod  research  changi^d  tor  198fi  and  after  These  data  iTiay  nut  be  comparabUi  to  data  lor  1985  and  earlier 
l-^«.i.jdr'^  "-tate  a'^d  local  govemmpnt  'und'-  to  ti':e  .jniversily  arid  COiSego  sector 
U^.C  FT  ROC:,  art'  adcimtbte'ed  by  individual  universities  and  coHeqfS  and  by  university  consortia 
LiHr  appendiv  fabit'  4  1  for  GOP  m^piicit  price  delators  used  to  convt-M  cjfrent  dollars  to  constant  198"  dollars 
O     r/)lJRC:ES  SciiMiceRe'iources  Studies  Dwi.sion  Naiiona!  Sooner  Foundation  Nitionj!  P<Uterr}s  of        Resource'^  1992  NSK  9?-330  < Washington  DC  NSF. 


npHiDlishpd  lal^ulalions 
ligurer.  4  -2  and  4-  3 
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Appendix  A.  Appendix  Tabies 


Appendix  table  4-7. 

National  expenditures  for  development,  by  source  of  funds  and  performer:  1970-93 


Source  of  funds 

r  cl  lUI  1 1  Icl 

Federal 

Universities 

Other 

Federal 

Universities 

U&C 

Other 

Total 

GovGrnment 

Industry' 

&  colleges- 

nonprofits 

Government 

Industry 

&  colleges 

FFRDCs'* 

nonprofits 

Millions  of  current  dollars 

1970  ...  . 

16.865 

9.323 

7.489 

13 

40 

2.175 

14.038 

112 

252 

288 

1971  . 

17.265 

9.427 

7.781 

14 

43 

2.340 

14.315 

112 

246 

252 

1972.  .. 

18.664 

10.071 

8.532 

19 

42 

2.605 

15.445 

84 

288 

242 

1973..  .. 

20.175 

10.296 

9.797 

33 

49 

2.674 

16.793 

118 

294 

296 

1974  . 

21.331 

10.338 

10.895 

42 

56 

2.641 

17.900 

133 

297 

360 

1975  .. 

22.673 

10.961 

11.598 

47 

67 

2,890 

18.887 

148 

345 

403 

1976 

24.934 

1 1 .883 

12.922 

52 

77 

2.890 

21.066 

164 

400 

414 

1977 

27.478 

12.962 

14.369 

58 

89 

3,054 

23.278 

200 

494 

452 

1  978 

30.895 

14.204 

16.505 

78 

108 

3.590 

25,969 

308 

531 

497 

1979 

35.401 

15.997 

19.1  94 

85 

125 

3.937 

29.843 

439 

578 

604 

1  980  . 

40.558 

17.384 

22.948 

93 

133 

3,966 

34.730 

499 

698 

665 

1981  ...  . 

45.908 

19.839 

25.821 

108 

140 

4,392 

39.497 

523 

801 

695 

1982 

51.434 

21.866 

29.293 

121 

154 

4,947 

44.423 

587 

'  732 

745 

1983 

57.244 

24.315 

32.624 

135 

170 

5.872 

49,113 

590 

809 

855 

1984 

65.853 

27.699 

37.829 

147 

178 

6.808 

56.427 

634 

934 

1.050 

1 985  .  . 

74.292 

32.041 

41.876 

166 

209 

7.889 

63.122 

713 

1,183 

1.385 

1 986  . 

75.871 

33.972 

41.488 

1 95 

216 

8.375 

64.016 

809 

1.471 

1.200 

1 987  .  . 

79.675 

36.397 

42.812 

223 

243 

7,975 

68,019 

850 

1.656 

1.175 

1 988  .    .  . 

85.891 

39.074 

46.304 

242 

271 

8.943 

73.014 

1.054 

1.775 

1.105 

1989  . 

88.139 

37.649 

49.898 

276 

316 

9.139 

74.820 

1,135 

1.795 

1.250 

1 990  . 

90.668 

37.767 

52.231 

305 

365 

10.049 

76.069 

1.300 

1.800 

1.450 

1991 

87.204 

31.709 

54.762 

340 

393 

8,699 

73.789 

1,512 

1.574 

1.630 

1  992 

92.510 

35.550 

56.130 

380 

450 

9.450 

77.900 

1.730 

1.600 

1.830 

1 993  . 

94.850 

36.100 

57.840 

420 

490 

8.800 

81.100 

1,690 

1.450 

1.810 

Millions  of  constant  1 987  dollars* 

1 970  .  .  . 

48.037 

26.609 

21.276 

38 

114 

6.286 

39.881 

324 

728 

818 

1  971 

46  697 

25.568 

20.973 

39 

116 

6.446 

38,585 

309 

678 

679 

1 972  .  . 

48.224 

26.076 

21.990 

50 

109 

6,819 

39.807 

220 

754 

624 

1973.  . 

49.054 

25.131 

23.722 

82 

119 

6.652 

40.661 

294 

731 

717 

1974 

47.761 

23.272 

24.266 

97 

126 

6.099 

39,866 

307 

686 

802 

1975 

46.314 

22,505 

23.574 

99 

137 

6.071 

38,388 

311 

725 

819 

1976.  . 

47.817 

22,860 

24.708 

102 

148 

5,645 

40,279 

320 

781 

792 

1 977  . 

49.216 

23.247 

25.705 

105 

159 

5.513 

41.642 

361 

892 

809 

1  978  . 

51.322 

23.640 

27.372 

131 

180 

6.023 

43.066 

517 

891 

824 

1  979  .    .  . 

54.070 

24.488 

29.259 

131 

191 

6.085 

45.492 

679 

893 

921 

1 980 

56  678 

24.355 

32  006 

132 

186 

5,618 

48.438 

707 

989 

927 

1981  .  .  . 

58.287 

25.244 

32.727 

139 

178 

5.645 

50.060 

672 

1.030 

881 

1 982  .  .  . 

61.395 

26.110 

34,956 

145 

184 

5.917 

53.011 

702 

876 

889 

1 983  ...  . 

65.666 

27.903 

37.413 

1 55 

195 

6.749 

56,328 

678 

930 

981 

1984 

72  376 

30.448 

41 .570 

1 62 

196 

7.490 

62.008 

697 

1.028 

1.154 

1985 

.    .  78.710 

33.952 

44.360 

1 76 

221 

8.366 

66.867 

756 

1.255 

1.467 

1986  . 

78.276 

35.037 

42.815 

201 

223 

8.625 

66,064 

833 

1.515 

1.238 

1 987  .    .  . 

79.675 

36.397 

42.812 

223 

243 

7.975 

68,019 

850 

1.656 

1.175 

1 988  .  .  . 

.    .  82.700 

37.639 

44.566 

234 

261 

8.632 

70.273 

1,017 

1,713 

1.064 

1989  . 

.    .  81.265 

34.729 

45.989 

255 

291 

8,446 

68,959 

1.049 

1,659 

1.152 

1 990  .  .  . 

.  ..  80.147 

33,413 

46,141 

271 

323 

8.917 

67.199 

1,154 

1.597 

1,281 

1991  .  . 

74.113 

27,000 

46.488 

291 

334 

7.448 

62,639 

1,295 

1,348 

1.384 

1992.  .. 

76.588 

29.472 

46.427 

316 

373 

7.868 

64.433 

1,440 

1,332 

1.514 

1993 

76.678 

29.219 

46.721 

341 

396 

7.154 

65.509 

1.374 

1.179 

1.462 

FFRDC  ■  lederaily  funded  research  and  development  center  (JSC  -  universities  and  college:- 

NOTFS  Data  art;  prehminary  for  1992  and  estimated  for  t993  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data  are 
est<matea   Since  1978  the  applied  research  development  split  for  the  academic  sector  has  been  estimated  Expenditures  for  FFRDCs  administered  by  industry  and 
nonprofit  institutions  are  included  in  the  totals  of  (he  respective  sector 

Tlie  imputation  procedure  for  industry  funding  of  its  development  changed  for  1986  and  after  These  data  may  not  be  comparable  to  data  for  1985  and  earlier 

Includes  stale  and  local  government  funds  to  the  university  and  college  sector 

U&C  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia 

See  appendiv  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  curtent  dollars  to  constant  1987  dollars 

O    PURGES  Science  Resources  Studies  Division  Nafonal  Science  Foundation  National  Pcittems  of  RcSD  Resources'  1992  NSF  92-330  (Washtngton.  DC  NSF. 
CD!  r^'.)9yt).  and  unpublij.hed  Inbuiations 
mmimmmm  ee  figures  4-  2  and  4  -3 
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Appendix  table  4-9. 

R&D  performance,  gross  state  product,  and  R&D/GSP  ratio,  by  state:  1991 


Total  R&D  GSP3  R&D/GSP 


Millions  of  dollars  Percent 

Alabama   1,503  75.774  2.0 

"Alaska   146  22,254  0.7 

^iPwizona   1.399  70.860  2.0 

» Arkansas   198  41.650  0.5 

California   28.337  765.038  3.7 

Colorado^   2.473  74.952  3.3 

Connecticut   1.913  92.773  2.1 

Delaware^   949  16.500  5.8 

District  of  Columbia   1,737  43.654  4.0 

Florida   3,700  249,367  1.5 

Georgia   1.479  142,893  1.0 

Hawaii   145  30,622  0.5 

Idaho^   79-1.064  18.516  NA 

Illinois   6,417  278,488  2.3 

Indiana   2,347  113,883  2.1 

Iowa   777  57,223  1.4 

Kansas^                                 141-2,104  54,554  NA 

Kentucky   317  73,012  0.4 

Louisiana   457  88,562  0.5 

Maine2   57-341  24,546  NA 

Maryland   5,864  106,676  5.5 

Massachusetts   8,561  147.893  5.8 

Michigan   8,851  190,166  4.7 

Minnesota   2,228  101.939  2.2 

Mississippi   299  41,725  0.7 

Missouri^                                 399-2,362  106,919  NA 

Montana^   66-1,051  14,428  NA 

Nebraska   211  35,009  0.6 

Nevada   261  33,200  0.8 

New  Hampshire'   270  24,935  1.1 

New  Jersey   8,768  216,408  4.1 

New  Mexico   2,582  28,157  9.2 

New  York   10.363  467,342  2.2 

North  Carolina   1,965  141.271  1.4 

North  Dakota^   56-2,019  13.465  NA 

Ohio   5.975  226.078  2.6 

Oklahoma   604  57,569  1.0 

Oregon   600  59.424  1.0 

Pennsylvania   7.621  247,019  3.1 

Rhode  Island   485  19.076  2.5 

South  Carolina   595  67,447  0.9 

South  Dakota   32  12,746  0.3 

Tennessee   1,139  102,473  1.1 

Texas   6,635  392,197  1.7 

Utah   665  32.142  2.1 

Vermont-^   56-340  12.141  2.8 

Virginia   2.771  147,233  1.9 

Washington   3.890  112.106  3.5 

West  Virginia'   223  31,671  0.7 

Wisconsin   1.573  102,764  1.5 

Wyoming    41  12.401  0.3 


NA  =  not  available 

'Total  in-slate  R&D  performance  of  all  sectors  estimated  from  range  reported  in  appendix  table  4-8. 
-"R&D  performance  range  too  v;ide  for  point  estimation. 

^Gross  state  product  data  are  available  from  the  Bureau  of  Economic  Analysis  (BEA)  through  1989.  GSP  data  for  1991  are  estimated 
here  based  on  changes  in  employee  compensation  and  proprietors'  income  between  1989  and  1991 .  as  reported  by  BEA. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 

*•  See  figure  4-4.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-1 1 . 

Estimated  federal  obligations  for  R&D,  by  selected  agency,  performer,  and  character  of  work:  FY  1993 


FFRDCs 

Univers. 

FFRDCs 

Other 

FFRDCs  State  & 

Federal 

Industrial 

admin,  by 

and 

admin,  by 

non- 

admin, by 

local 

Agency 

Total  intramural 

firms 

industry 

colleges 

U&C 

profits 

nonprofits 

govt.  Foreign 

Millions  of  dollars 

Total  R&D 


69.754 

16.643 

31.203 

2.142 

1 1 .764 

3.703 

2.957 

721 

286 

336 

1.337 

899 

9 

416 

0 

7 

0 

3 

4 

623 

477 

88 

0 

50 

3 

5 

36.155 

8.277 

24.543 

315 

1.558 

558 

272 

447 

1 

185 

6,731 

567 

1,242 

1,759 

576 

2.203 

164 

216 

4 
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11,143 

2.361 

452 

21 

6.284 

35 

1.719 

26 
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59 

541 

482 

13 

40 

0 
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0 

3 

2 
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1 

32 

0 

9 

15 

15 
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0 

123 

38 

0 

28 

0 

8,629 

2.646 

4,288 

0 
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750 

252 

2 

5 

12 

2,247 

16 

102 

1 
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143 

4 

8 

1,336 

541 

94 

45 
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23 
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14.184 

2.893 
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ERIC 


Total,  all  agencies  

Dept.  of  Agriculture  

Dept.  of  Commerce  

Dept.  of  Defense  

Dept.  of  Energy  

Dept.  of  Health  &  Human  Services.  .  . 

Dept.  of  the  Interior  

Dept.  of  Transportation  

Environmental  Protection  Agency  .  .  . 
National  Aeronautics  &  Space  Admin  . 

National  Science  Foundation  

All  other  agencies  


Total,  all  agencies  

Dept.  of  Agriculture  

Dept.  of  Commerce  

Dept.  of  Defense  

Dept.  of  Energy  

Dept.  of  Health  &  Human  Services.  .  . 

Dept.  of  the  Interior  

Dept.  of  Transportation  

Environmental  Protection  Agency  .  .  . 
National  Aeronautics  &  Space  Admin  . 

National  Science  Foundation  

All  other  agencies  


Total,  all  agencies  

Dept.  of  Agriculture  

Dept.  of  Commerce  

Dept.  of  Defense  

Dept.  of  Energy  

Dept.  of  Health  &  Human  Services.  .  . 

Dept.  of  the  Interior.  

Dept.  of  Transportation  

Environmental  Protection  Agency  .  .  . 
Nation-  Aeronautics  &  Space  Admin . 

National  Science  Foundation  

All  other  agencies  


Total,  all  agencies  

Dept.  of  Agriculture   

Dept.  of  Commerce  

Dept.  of  Defense  

Dept.  of  Energy  

Dept.  of  Health  &  Human  Services.  .  .  . 

Dept.  of  the  Interior  

Dept.  of  Transportation  

Environmental  Protection  Agency  .... 
National  Aeronautics  &  Space  Admin.  . 
National  Science  Foundation  

All  other  agencies   

•  =  less  than  $500,000;  FFRDC  =  federally  funded  research  and  development  center.  U&C    universities  and  colleges 

NOTE  These  figures  reflect  funding  levels  as  reported  by  fedprai  agencies  m  March  through  October  1992.  They  differ  from  the  figures  in  appendix  table  4-iO.  which 
reflect  subsequent  congressional  appropriation  actions  through  Inarch  1993 

SOURCE.  Science  Resources  Studies  Division.  National  Science  Foundation.  Federai  Funds  tor  Research  ond  Development  Fisc<il  Years  1991  1992.  and  1993 
(Washington.  DC:  NSF.  1993) 


13,715 
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94 
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494 

406 
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1.392 
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449 
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1.748 

262 
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376 

137 
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3.460 
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311 
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2 
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91 

1 

19 

0 
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319 
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0 
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0 
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0 

19 
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2.103 

888 

857 

0 
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4 

153 

1 

11 

0 

127 

11 

1 

1 

921 

309 

57 

45 

138 

23 

276 

15 

3 

56 

Development 

41,855 

8,802 

27.144 

1.464 

1,511 

1.318 

753 

541 

133 

189 

65 

63 

0 

0 

2 

0 

0 

89 

36 

47 

0 

5 

1 

0 

0 

31,628 

6.542 

23,056 

293 

427 

492 

211 

438 

1 

169 

3,111 

248 

1.011 

1.168 

34 

548 

14 

86 

1 

1.834 

445 

59 

3 

914 

4 

320 

2 

78 

8 

35 

23 

9 

0 

3 

0 

0 

0 

0 

0 

283 

176 

68 

13 

0 

1 

14 

11 

0 

84 

11 

41 

0 

12 

0 

11 

'  0 

9 

0 

4.465 

1.161 

2.817 

0 

75 

274 

131 

1 

2 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

260 

97 

36 

26 

63 

0 

31 

8 

See  text  table  4-3 
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Appendix  table  4-13. 

Federal  R&D  obligations  for  federal  intramural  performance,  by  selected  agency:  FYs  1980-93 


All 

All  other 


agencies 

Defense 

Energy 

NASA 

HHS 

USDA 

Commerce 

Interior 

agencies 

Millions  of  dollars 

1980   

7.632 

3.796 

474 

965 

820 

457 

226 

242 

653 

1981  .     .  . 

8.426 

4.281 

451 

1.044 

872 

511 

237 

274 

756 

1982   

9.141 

5.139 

176 

1.166 

946 

531 

242 

261 

680 

1983   

10.582 

6.401 

258 

1.134 

1.034 

559 

252 

274 

670 

1 0ft/1 

7  9R7 

c.  1  D 

1.043 

1.066 

O  1  1 

1985   

12.945 

8.324 

224 

1.171 

1.147 

628 

280 

342 

830 

1986   

13.535 

8.881 

206 

1.217 

1.236 

630 

285 

332 

749 

1987   

13.413 

8.336 

248 

1.414 

1.293 

649 

320 

355 

799 

1988   

14.115 

8.880 

245 

1.335 

1.408 

694 

316 

353 

883 

1989   

15.121 

9.295 

248 

1.733 

1.529 

689 

325 

394 

907 

1990  . . 

16.003 

9.639 

307 

1.968 

1.662 

737 

336 

424 

929 

1991  

15.238 

8.157 

381 

2.112 

1.975 

824 

400 

490 

900 

1992  (est.) 

16.635 

8.791 

498 

2.362 

2.245 

885 

426 

526 

902 

1993  (est.)  .  .  . 

16.643 

8.277 

567 

2.646 

2.361 

899 

477 

482 

935 

HHS  =  Department  of  Health  and  Human  Services:  NASA  =  Nalionat  Aeronautics  and  Space  Administration:  USDA  =  Department  of  Agriculture 

NOTES  Intramural  activities  cover  costs  associated  witfi  the  planning  and  administration  of  intramural  and  extramural  R&D  programs  by  federal  personnel 
and  actual  intramural  R&D  performance.  Data  includes  expenditures  for  activities  performed  by  the  reporting  agency  itself,  and  funds  that  the  agency 
transfers  to  another  federal  agency  for  performance  of  work  as  long  as  the  ultimate  performer  is  that  agency  or  any  federal  agency. 

SOURCES  Science  Resources  Studies  Division  (SRSj.  National  Science  Foundation.  Federal  Funds  for  Research  and  Developrr.enl.  Detailed  Histonca! 
Tables  Fiscal  Years  1955-1090  (Washington.  DC.  NSF  1990).  and  SRS  Federal  Funds  for  Research  and  Development  Fiscal  Years  1991.  i992  and 
/ 993  (Washington.  DC:  NSF.  1993) 
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Appendix  table  4-14. 

Federal  R&D  obligations  to  federally  funded  research  and  development  centers,  by  administering 
sector  and  selected  agency:  FYs  1980-93 


Ail 

All 

olher 

agencies 

Defense  Energy 

NASA 

agencies 

Millions  of  dollars 

FFRDCs  administered  by  universities  and  colleges 


1980   

  1 .533 

149 

1.185 

97 

102 

1981  

  1.791 

186 

1.400 

79 

126 

1982   

  1.977 

226 

1.439 

183 

129 

1983   

  2.394 

388 

1.564 

305 

136 

1984   

  2.486 

262 

1.714 

350 

160 

1985   

  2.816 

306 

1.848 

512 

150 

1986   

  2,758 

285 

1.797 

542 

143 

1987   

  3.210 

737 

1.839 

475 

158 

1988   

  3.474 

829 

1.945 

560 

141 

1989  

  3.497 

686 

2.033 

630 

148 

1990   

  3.466 

658 

2.020 

619 

168 

1991  

  3.604 

637 

2.072 

736 

159 

1992  (est.)  

  3.831 

645 

2.233 

773 

181 

1993  (est.)  

  3.703 

558 

2.203 

750 

193 

FFRDCs  administered  by  industry 

1980   

  1 .408 

92 

1.166 

0 

150 

1981  

  1.414 

105 

1.155 

0 

154 

1982   

  1 .506 

148 

1.194 

0 

164 

1983   

  1.501 

129 

1,218 

0 

154 

1984   

  1.608 

110 

1.365 

0 

134 

1985   

  1.791 

125 

1.549 

0 

117 

1986   

  1.697 

146 

1.455 

0 

96 

1987   

  1,860 

325 

1.475 

0 

61 

1988   

  1.911 

316 

1.536 

0 

60 

1989   

  1.960 

309 

1,588 

0 

63 

1990   

  2.238 

419 

1.718 

0 

100 

1991  

  2.068 

316 

1.690 

0 

62 

19S2(est.)   

  2.178 

313 

1.788 

0 

77 

1993  (est.)  

  2.142 

305 

1.759 

0 

78 

FFRDCs  administered  by  nonprofit  institutions 

1980   

  442 

255 

172 

1 

15 

1981  

  525 

319 

184 

1 

22 

1982   

  521 

385 

114 

0 

21 

1983   

  581 

466 

92 

0 

22 

1984   

  597 

473 

104 

0 

19 

1985   

  689 

551 

118 

1 

19 

1986   

  551 

436 

102 

1 

13 

1987   

  511 

400 

96 

1 

14 

1988   

  506 

397 

91 

1 

16 

1989   

  522 

391 

107 

3 

20 

1990   

  632 

416 

157 

2 

57 

1991  

  679 

442 

186 

2 

49 

1992  (est.)  

  713 

449 

208 

2 

55 

1993  (est.)  

  721 

447 

216 

2 

56 

FFRDC    federally  funded  research  and  development  center.  NASA  -  National  Aeronautics  and  Space  Administration 

SOURCES:  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation.  Federal  Funds  for  Research  and  Development. 
Detailed  Histoiical  Tables  Fiscal  Years  r955-r590  (Washington.  DC  NSF.  1990)-  and  SRS,  Federal  Funds  for  Research  and  Development 
Fiscal  Years  1991.  1992.  and  r 993 (Washington.  DC.  NSF.  1993) 
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Appendix  table  4-18. 

Department  of  Defense  military  outlays,  by  subf unction:  1970-94 


Distribution  by  subfunction 


DOD  outlays' 

Personnel 

O&M 

Procurement 

RDT&E 

Construction 

Housi 

1970   

81 .173 

35.8 

26.6 

26.6 

8.8 

1 .4 

U.o 

1971  

77.874 

37.3 

26.9 

24.2 

9.4 

1.4 

0.8 

1972   

78.054 

37.9 

27.8 

21.9 

10.1 

1.4 

0.9 

1973   

76.501 

38.9 

27.5 

2U.b 

1  U./ 

1 .0 

1  ,U 

1974   

79.001 

38.5 

28.5 

19.3 

1  0.9 

■i  Q 

1  .o 

1  .1 

1975   

85,953 

37.4 

30.6 

18.7 

1  0.3 

1 .7 

1  .o 

1976   

88.481 

36.8 

31.5 

18.0 

1 0.1 

1  .o 

1977   

95.504 

35.3 

32.0 

19.0 

1 0.3 

2.0 

1 .4 

1978   

102,954 

34.5 

32.6 

19.4 

1  0.2 

■i  o 

1 .9 

■1  A 

1 .4 

1979   

113.893 

32,8 

32,0 

22.3 

9.8 

4  o 

1  ,o 

■<  o 
1  .o 

1980   

131.963 

31 .0 

33,9 

22.0 

9.9 

1  .y 

1  .o 

1981  

154.474 

31,0 

33.6 

22.8 

9.9 

1.6 

1.1 

1982   

180.780 

30.5 

33.0 

23,9 

9.8 

1.6 

1.1 

1983   

205.646 

29.6 

31.6 

26.1 

-inn 
1  U.U 

■i  -7 

1  .U 

1984   

222,661 

28.8 

30.3 

27.8 

1  U,4 

■i  7 
I,/ 

1 .1 

1985   

244,599 

27.7 

29.6 

28.8 

11.1 

■i  -7 

1 .1 

1986   

263,485 

27.1 

28.6 

29.0 

1  2,3 

1  .y 

1 .1 

1987   

271 .326 

26.5 

2o.1 

1  O  /I 
1  <i,4 

o  o 

C..C. 

1 . 1 

1988   

281 .726 

27,1 

30.0 

27.4 

12.3 

2.1 

1.1 

1989   

294.831 

27.4 

29,5 

27.7 

12,6 

1.8 

1.1 

1990   

290.973 

26.0 

30,4 

27,8 

12,9 

1.7 

1.2 

1991  

308.618 

27.0 

33.0 

26.6 

11.2 

1.1 

1.1 

1992   

290.259 

28.0 

31.7 

25.8 

11.9 

1.5 

1.1 

1993   

281 .692 

27.0 

32,3 

24.3 

13.3 

1,9 

1.2 

1994   

268.624 

26.1 

33.2 

23.1 

14.2 

2.0 

1.4 

DOD  =  Department  of  Defense:  O&M  =  operations  and  maintenance:  RDT&E  =  research,  development,  test,  and  evaluation 

NOTES:  Outlays  exclude  expenditures  by  the  Army  Corps  of  Engineers  Total  DOD  outlays  and  subfunction  shares  include  only  the  categories  listed  here:  they 
exclude  adjustments  reported  m  an  undefined  "other*  category*. 

*DOD  outlays  are  in  millions  of  current  dollars. 

SOURCE:  Office  of  Management  and  Budget.  Budget  of  the  United  States  Government  (Washington.  DC:  Government  Printing  Office,  annual  series). 

See  figure  4-18.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-19. 

Department  of  Defense  funds  for  research,  development,  test,  and  evaluation,  by  mission  category:  FYs  1972-94 


1972. . . 
1973. . . 
1974. . . 
1975. . . 
1976  . . 
1977. . . 
1978. . . 
1979. . . 

1980. . . 
1981. . . 
1982. . . 
1983. . , 
1984. . , 
1985. . 
1986. . 
1987. . 
1988. . 
1989. . 

1990. . 
1991 . . 
1992. . 
1993. . 
1994.  . 

1972. . 
1973. . 
1974. . 
1975. . 
1976. . 
1977. . 
1978. . 
1979. . 

1980. . 
1981 . . 
1982. . 
1983. . 
1 984 .  . 
1985. . 
1986. . 
1987. . 
1988. . 
1989. . 

1990. . 
1991. . 
1992. 
1993. . 
1994. . 


DOD 
RDT&E 
total 


Advanced 


Defensewide 


7.945 

8.001 

8.009 

8.572 

9.212 
10.522 
11.117 
12.210 

13.345 
16.472 
19.897 
22.647 
26.601 
30.870 
33.676 
35.942 
37.027 
37.506 

36.632 
34,871 
38.118 
38.176 
38.620 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 


Technology 
base 


1.462 
1.376 
1.353 
1.371 
1.487 
1.682 
1.799 
2.010 

2.265 
2.600 
2.933 
3.238 
3.055 
3.121 
3.232 
3,237 
3.310 
3,506 

3,345 
3.886 
4.105 
4.920 
4.376 


18.4 
17.2 
16.9 
16.0 
16.1 
16.0 
16.2 
16.5 

17.0 
15.8 
14.7 
14.3 
11.5 
10.1 
9.6 
9.0 
8.9 
9.3 

9.1 

11.1 
10.8 
12.9 
11.3 


jchnology 

Strategic 

1  aCllCal 

1  rtt^ll  in  A  rt/^A 
llUclllLjcllUC  Cx 

mi  ccion 
i  1  lloolUM 

velopment 

proyrarns 

prugi  dl  1  lb 

UUI 1 II IIUI  llUdUUI  lo 

IVMMIOnS  01  LJUMdrb 

238 

1.581 

3.019 

493 

1.152 

160 

1.896 

2.936 

528 

1.104 

200 

1.882 

2.811 

665 

1,097 

300 

2.143 

2.923 

643 

1.192 

557 

2.222 

2.895 

887 

1.164 

537 

2.333 

3.848 

830 

1,293 

502 

2.329 

4.644 

559 

1,284 

525 

2.139 

5.088 

759 

1,689 

604 

2.165 

5.233 

1,152 

1,926 

oyo 

O.  1  0\J 

1 .632 

2.077 

751 

4.636 

6.890 

2,160 

2.527 

823 

5.825 

7.255 

2,709 

2.797 

1.352 

7.878 

7.929 

3.406 

2.981 

2.751 

8.169 

9.062 

3,953 

3.814 

4.067 

7.509 

10,266 

4.525 

4.07/ 

5.032 

7.703 

11.032 

4.702 

4,236 

5.356 

7.227 

1 1 .998 

4,885 

4,^:0 1 

5.837 

6.428 

12,989 

4,512 

4.234 

5.833 

5.192 

13.237 

4.791 

4.234 

5.298 

4.375 

12.611 

4.471 

4,230 

6.314 

4.240 

14.313 

4.921 

4,225 

4.053 

6.345 

14.131 

4.702 

4,025 

3.607 

4.776 

15,904 

5.113 

4,844 

rClLrClUdyc  \Ji  \\J\ai 

3.0 

19.9 

38.0 

6.2 

14.5 

2.0 

23.7 

36.7 

6.6 

13.8 

2.5 

23.5 

35.1 

8.3 

13.7 

3.5 

25.0 

34.1 

7.5 

13.9 

6.0 

24.1 

31.4 

9.6 

12.6 

5.1 

22.2 

36.6 

7.9 

12.3 

4.5 

20  9 

41.8 

5.0 

11.5 

4.3 

17.5 

41.7 

6.2 

13.8 

4.5 

16.2 

39.2 

8.6 

14.4 

O.D 

37.2 

9.9 

12.6 

3.8 

23.3 

34.6 

10.9 

12.7 

3.6 

25  7 

32.0 

12.0 

12.4 

5.1 

29.6 

29.8 

12.8 

11.2 

8.9 

26.5 

29.4 

12.8 

12.4 

12.1 

22.3 

30.5 

13.4 

12.1 

14.0 

21 .4 

30.7 

13.1 

11.8 

14.5 

19.5 

32.4 

13.2 

11.5 

15.6 

17.1 

34.6 

12.0 

11.3 

15.9 

14.2 

36.1 

13.1 

11.6 

15.2 

12.5 

36.2 

12.8 

12.1 

16.6 

11.1 

37.5 

12.9 

11.1 

10.6 

16.6 

37.0 

12.3 

10.5 

9.3 

12.4 

41.2 

13.2 

12.5 

DOD  ^  Department  ot  Defense.  RDT&E    research,  development,  test,  and  evaluation 
NOTE-  Data  are  DOD  s  total  obligational  authonty. 

SOURCES.  Science  Resources  Studies  Division  National  Science  Foundation.  Federal  R&D  Funding  by  Budget  Function  (Washington.  DC  NSF.  annual  senes):  and 
DOD.  RDT&E  Programs  /fl-/M Washington.  DC:  DOD.  annual  senes) 

See  figure  4-18  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-20. 

Federai  funding  of  academic  research,  by  mode  of  support  and  selected 
civilian  agency:  FYs  1980, 1983, 1986,  and  1989 


Acency 

1980 

1983 

1986 

1989 

Millions  of  dollars 

Six  civilian  agencies  

3.579 

4.156 

5.503 

7.261 

Individual  investigators  

2,003 

2.384 

3.030 

3.677 

Research  teams  

968 

1.018 

1.465 

2,218 

Research  centers  

482 

575 

705 

920 

Major  facilities  

1 26 

179 

291 

4oo 

Other  support  

0 

0 

12 

9 

National  Institutes  of  Health  

2.437 

3.327 

4.445 

Individual  investigators  

1.1  Ou 

1.395 

1.774 

2.171 

Research  teams  

681 

738 

1.154 

1,752 

Research  centers  

273 

299 

386 

484 

Major  facilities  

7 

5 

13 

38 

National  Science  Foundation  

719 

880 

1,163 

1.438 

Individual  investigators  

512 

610 

768 

885 

Research  teams  

6B 

84 

123 

164 

Research  centers  

21 

25 

51 

lid. 

Major  facilities  

119 

162 

221 

277 

Department  of  Energy  

337 

321 

422 

560 

Individual  investigators  

137 

131 

192 

230 

Research  teams  

160 

125 

109 

168 

Research  centers  

41 

65 

78 

91 

Major  facilities  

U 

0 

43 

(  C. 

National  Aeronautics  &  Space  Admin.'  . 

173 

189 

244 

404 

Individual  investigators  

115 

1 18 

143 

216 

Research  teams  

57 

69 

77 

133 

Research  centers  

0 

0 

7 

27 

Major  facilities  

< 
1 

2 

5 

Other  support  

0 

0 

12 

9 

Department  of  Agriculture  

225 

281 

356 

Individual  investigators  

75 

90 

91 

129 

Research  teams  

3 

3 

2 

2 

Research  centers  

147 

180 

179 

193 

Major  facilities  

0 

10 

9 

32 

Environmental  Protection  Agency  

64 

45 

65 

59 

Individual  investigators  

64 

40 

62 

47 

Research  teams  

0 

0 

0 

0 

Research  centers  

0 

5 

4 

12 

Major  facilities  

0 

0 

0 

0 

'Totals  for  1980  are  1981  data. 

SOURCE.  Office  of  Science  and  Technology  Policy.  Trends  in  the  Structure  of  Federal  Science  Support 
report  of  the  Federal  Coordinating  Council  for  Science.  Engineering,  and  Technology  (Washington,  DC: 
Government  Printing  Office.  1992). 

See  figuies  4-1 6  and  5-5.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-21. 

Federal  budget  authority  proposed  for  FCCSET  research  initiatives,  by  agency  and  research  theme:  FY  1994 


Advanced     High-performance  Advanced  Science,  math, 

manufacturing     computing  &       U.S.  global       materials  &  engineering.  & 

Agency  technology     communications       change  processing      Biotechnology       tech.  ed. 


Millions  of  dollars 


Total  all  aaencies 

1  385 

1.000 

1.476 

2.061 

4.298 

2.334 

50 

0 

48 

46 

191 

24 

141 

14 

70 

57 

14 

6 

596 

385 

7 

422 

94 

539 

Dept.  of  Education  

0 

2 

0 

0 

0 

356 

367 

124 

98 

946 

245 

128 

Dept.  of  Health  &  Human  Services  

0 

47 

2 

93 

3,369 

464 

Dept.  of  the  Interior  

64 

0 

34 

22 

6 

90 

Dept.  of  Transportation  

0 

0 

0 

13 

0 

0 

Dept.  of  Veterans  Affairs  

0 

0 

0 

0 

72 

0 

Agency  for  International  Development  V  .  . 

0 

0 

0 

0 

31 

0 

Environmental  Protection  Agency  

1 

12 

27 

4 

20 

10 

National  Aeroriautics  &  Space  Admm  .  .  . 

36 

111 

1.013 

131 

40 

84 

National  Science  Foundation  

130 

305 

170 

328 

216 

622 

Smithsonian  Institution^  

0 

0 

7 

0 

0 

10 

FCCSET  -  Federal  Coordinating  Council  for  Science.  Engineering,  and  Technology 

"The  Agency  for  International  Development  and  the  Smithsonian  Institution  are  not  members  of  the  lull  FCCSET  . 

NOTE;  Funding  estimates  are  proposals  included  in  Ihe  President  s  FY  1994  budget.  Precise  comparisons  between  FCCSET  initiatives  and  the  federal  R&D  support 
totals  are  dilfrcult  because  the  definitions  for  the  two  sets  of  data  are  not  necessarily  identical  and  there  may  be  some  double  counting  for  closely  related  activities  that 
are  included  in  more  than  one  initiative. 

SOURCE-  Office  of  Management  and  Budget.  FCCSET  Initintives  in  the  FY  1994  Budget  (Washington  DC  April  8  19931. 

See  fiQure  4-17  Science  &  Engineering  IndiCcitots  -  1993 
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Appendix  table  4-23. 

Small  Business  Innovation  Research  awards,  by  award  type  and  agency:  FYs  1983-91 


Award  type  and  agency 


Total 


By  type 
Phase  I  awards . 
Phase  II  awards 


By  agency 

Dept.  ot  Defense  

Dept.  of  Health  &  Human  Services  .  .  . 
National  Aeronautics  &  Space  Adnmn 

Dept.  of  Energy  

National  Science  Foundation  

Dept.  of  Agriculture  

Dept.  of  Transportation  

Environnnental  Protection  Agency  .  .  . 

Dept.  of  Education  

Nuclear  Regulatory  Commission.  .  .  . 

Dept.  of  Commerce  

Dept.  of  the  Interior  


Total 


By  type 
Phase  I  awards . 
Phase  II  awards 


By  agency 

Dept.  of  Defense  

Dept.  of  Health  &  Human  Services  .  . 
National  Aeronautics  &  Space  Admin 

Dept.  of  Energy  

National  Science  Foundation  

Dept.  of  Agriculture  

Dept.  of  Transportation  

Environmental  Protection  Agency  .  . 

Dept.  of  Education  

Nuclear  Regulatory  Commission.  .  .  . 

Dept.  of  Commerce  

Deot.  of  the  intenor   


1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Cumulative 
1983-91 

Millions  of  current  dollars 

1 08 

199 

298 

351 

389 

432 

461 

483 

2.765 

to 

fiQ 

99 

110 

102 

108 

118 

128 

825 

u 

fin 

1 30 

199 

241 

285 

322 

342 

336 

1.915 

4R 

/  o 

151 

194 

208 

233 

241 

241 

1 .410 

7 

4S 

57 

67 

73 

79 

84 

93 

528 

c 
D 

1  o 

'^fi 

OD 

32 

47 

52 

62 

69 

346 

c 

1  fi 
1  o 

Pfi 

28 

30 

33 

39 

39 

246 

5 

7 

10 

15 

17 

17 

19 

20 

22 

131 

1 

2 

3 

4 

4 

4 

4 

4 

5 

29 

2 

3 

4 

3 

3 

4 

4 

6 

29 

1 

2 

3 

3 

3 

3 

3 

4 

22 

• 

1 

1 

2 

2 

2 

2 

2 

3 

15 

1 

1 

1 

1 

1 

1 

1 

8 

0 

0 

0 

1 

2 

1 

1 

1 

7 

1 

0 

0 

0 

0 

0 

0 

1 

Mil 

lons  of  constant  1987  dollars  ' 

O  1 

1 1 Q 

21 1 

307 

351 

376 

399 

409 

414 

2.637 

D  1 

Oo 

1  o 

1  \j  1 

110 

98 

100 

105 

110 

801 

r\ 
U 

DD 

1  oO 

241 

275 

297 

303 

288 

1 .813 

4Q 

oo 

1 55 

194 

201 

216 

213 

206 

1 .340 

p 
O 

9fi 

48 

58 

67 

70 

73 

75 

80 

505 

c 

D 

1 

37 

32 

46 

48 

55 

59 

329 

C 
D 

1  ft 
1  O 

27 

30 

28 

29 

31 

35 

33 

237 

6 

8 

10 

15 

17 

17 

17 

17 

19 

126 

1 

2 

3 

4 

4 

4 

4 

4 

4 

30 

2 

3 

4 

3 

3 

3 

4 

5 

27 

1 

2 

3 

3 

3 

3 

3 

3 

21 

1 

1 

2 

2 

2 

2 

2 

2 

14 

1 

1 

1 

1 

0 

1 

1 

6 

0 

0 

0 

1 

2 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

•    less  than  3600.000 

Totals  are  Small  Business  Innovation  Research  award  obligations  that  include  award  modifications.  Ihe  details  by  award  type  and  agency  do  not  necessar-ly  contain 
subsequent  year  revisions  and  may  not  add  to  totals. 

•See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCE  Small  Business  Administralion.  Sma//Bus/nfSS /nno^arion  Dev'e/opn7en/ /Ac/ (Washington  DC  SBA  annual  seriesi 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-24. 

Small  Business  Innovation  Research  awards,  by  technology  area  and  selected  agency:  FYs  1983-91  (cumulative) 


Technology  area' 

Total 

DOD 

HHS 

NASA 

DOE  NSF 

Other^ 

Percent 

Total  (1983-91) 

100 

100 

100 

100 

100  100 

100 

Computer,  information  processing,  analysis  .  .  . 

21 

26 

15 

25 

9  18 

19 

Electronics   

21 

29 

8 

20 

18  17 

11 

Materials 

16 

18 

6 

16 

24  26 

14 

Mechanical  performance  of 

vehicies.  weapons,  facilities   

6 

8 

1 

12 

3  4 

4 

Energy  conservation  and  use  

12 

10 

3 

15 

30  10 

6 

Environment  &  natural  resources  

7 

5 

4 

7 

11  12 

20 

Life  sciences  

16 

4 

65 

4 

4  13 

26 

Millions  of  dollars 

Award  value  (1983-91) 

Assigned  to  (multiple)  technology  areas  .  .  .  . 

4.244 

1.990 

758 

610 

482  206 

198 

Actual  phase  1  and  II  award  value  

2.765 

1,410 

528 

346 

246  131 

111 

DOD  =  Department  of  Defense:  DOE  -  Department  of  Energy.  HHS  =  Department  of  Health  and  Human  Services;  NASA  =  National  Aeronautics  and  Space 
Administration.  NSF  =  National  Science  Foundation 

'Distributions  are  based  on  the  cumulative  1983-91  value  of  awards,  not  on  the  number  of  awards  granted.  Within  each  of  the  broad  technology  areas  listed.  Small 
Business  Innovation  Research  awards  are  assigned  to  more  specific  technology  areas,  including  multiple  technology  areas.  Therefore,  the  percentage  distributions 
include  overcounting  of  awards  assigned  to  multiple  technology  areas. 

•Includes  the  Departments  of  Agriculture.  Commerce.  Education,  and  Transportation:  the  Environmental  Protection  Agency:  and  the  Nuclear  Regulatory  Commission. 
SOURCE;  Small  Business  Administration.  Smaii  Business  innovation  Development  Act  {V^asU\r.Q\on.  DC:  SBA,  1992). 

See  figure  4-22 
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Appendix  table  4-25. 

Budgetary  impact  of  the  federal  research  and  experimentation  tax  credit:  FYs  1981-94 


Total 

Ratio 

Cost  of  R&E  credit' 

federal 

of  credit 

Total 

Outlay 

Revenue 

R&D 

outlays 

Cost  of  R&E  credit 

federal 

equivalent 

loss 

outlays 

to  R&D 

Outlay 

Revenue 

R&D 

(a) 

(b) 

(c) 

(a)'(c) 

equivalent 

loss 

outlays 

Millions  of  current  dollars 

Percent 

Millions  of  constant  1987  dollars^ 

1981  

  205 

15 

32.459 

0.83 

263 

19 

41.721 

1982  

  640 

415 

34.391 

1.86 

766 

496 

41.138 

1983  

.     .  .  .  1.010 

615 

36.659 

2.76 

1.161 

707 

42.137 

1 984  

  3.360 

1.380 

39.691 

8.47 

3.696 

1.518 

43.664 

1985  

  2.430 

1.665 

44.171 

5.50 

2.577 

1.766 

46.841 

1986  

  2.295 

680 

50.609  / 

4.53 

2.364 

700 

52.120 

1987  

  2.715 

1.865 

51.612 

5.26 

2.715 

1.865 

51.612 

1988  

  1.240 

900 

54.739 

2.27 

1.197 

869 

52.837 

1989  

  1.590 

1.145 

59.450 

2.67 

1.470 

1.058 

54.945 

1990  

  1 .625 

1.115 

62.247 

2.61 

1.442 

989 

55.232 

1991  

  1.070 

725 

61.130 

1.75 

916 

621 

52.337 

1992  

  1 .850 

1.215 

6^.642 

2.86 

1.540 

1.012 

53.823 

1993  

  775 

520 

68,576 

1.13 

630 

423 

55.753 

1994  

  325 

215 

70.335 

0.46 

258 

171 

55.821 

R&E  -  research  and  experimentation 

NOTES  Tax  expenditure  estimates  are  prepared  by  the  Treasury  Department  based  on  income  tax  law  enacted  as  of  December  31st  of  the  year  for  which  the 
evpenditures  are  rpported  Expenditures  for  the  ye^rs  199?-94  are  estimated  based  on  income  tax  taw  enacted  as  of  December  31.  1C92  Legislation  authonzing  the 
R&E  credit  expired  on  June  30.  1992 

■  Outlay  equivalent  estimates  are  comparable  to  taxable  outlay  figures  reported  m  the  budget  This  allows  a  companson  of  the  resource  cost  of  the  tax  credit  with  the 
cost  of  direct  federal  R&D  expenditure  support  The  revenue  loss  estimates  are  r^et  of  taxes 

See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars 

SOURCE  Office  ot  Management  and  Budget  Budgt^t  of  the  Untt'd  SLift^s  Government  (Washington  DC  Government  Printing  Office  annual  series) 
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Appendix  table  4-28. 

National  support  for  health  R&D,  by  performer  and  source  of  funds:  1980-92 


1991  1992 

1980     1981      1982     1983     1984     1985     1986     1987     1988     1989     1990      (est)  (est.) 

Millions  of  current  dollars 
Source  of  funds 


Government   5.203  5.413  5.612  6,117  6.887  7.675  7,929  9,037  9,725  10.634  11.422  12.413  13,424 

Federal   4.723  ^.848  4.970  5,399  6.087  6.791  6.895  7.847  8,425  9,163  9.791  10,711  11,596 

Nan  Institutes  of  Health  ...  .  3,182  3,333  3.433  3,789  4,257  4.828  5,005  5.852  6.292  6,778  7,136    7,711  8.423 

State  and  local   480  564  642  718  800  884  1.034  1,191  1.300  1,471  1,632    1,702  1.827 

Industry   2,459  2,998  3,593  4.205  4.765  5.352  6,188  7,103  8.432  9,404  10.634  12,020  13,505 

Private  nonprofit   305  328  390  456  507  538  782  800  854  939  1,020    1.128  1.196 

Howard  Hughes^   18  20  25  54  79  51  247  183  179  197  215      250  281 


Performer 


Government   1.487  1.575  1,669  1.813  1.997  2.140  2.155  2.389  2.590  2.578  2,861  3.300  3.568 

Federal   1.284  1.364  1,448  1.577  1.741  1.869  1,848  2.042  2.213  2.161  2,403  2,816  3.049 

State  and  local   203  211  221  236  256  271  307  347  377  417  458  484  520 

Industry^   2,249  2.659  3,161  3.668  4.216  4.660  5.293  6,002  6.927  7,901  8.817  9,578  11.006 

Higher  education^   3,005  3,211  3.388  3,779  4,274  4,745  5,320  5.056  6,593  7.238  7.744  8,467  9.173 

Private  nonprofit^   726  751  785  887  976  1.115  1.157  1.352  1.455  1,798  1.886  1,931  2.087 

Foreign    499  543  593  631  697  805  975  1,140  1.446  1.462  1.769  2,078  2.291 


Biomedical  R&D  price  index3 .     0.649    0.713     0.774    0,819    0.867    0,911     0,949    1.000     1.050     1.106     1.166    1.224  1.284 


■  Millions  of  constant  1987  dollars 
12,276  12,255   12.397   13,160  14,024   14.890    15.701  16.940  18,106    18.967   19.791  20,882  21.904 


Source  of  funds 


Government   8.017  7.591  7.251  7,469  7,943  8.424  8,355  9,037  9,262  9.615  9.796  10.141  10.455 

Federal   7,277  6,800  6.421  6.593  7.021  7,454  7.266  7.847  8.024  8,285  8.397  8,751  9.031 

NafI  Institutes  of  Health  ...  ,  4,903  4,675  4,435  4.626  4.910  5,300  5,274  5,852  5.992  6,128  6.120  6.300  6.560 

State  and  local    740  791  829  877  923  970  1,090  1.191  1,238  1.330  1.400  1,391  1.423 

Industry   3.788  4.205  4,642  5.134  5.496  5.875  6.521  7.103  8,030  8.503  9,120  9.820  10.518 

Private  nonprofit   470  460  504  557  585  591  824  800  813  849  875  922  931 

Howard  Hughes^   8  28  32  66  91  56  260  183  170  178  184  204  219 


Performer 


Government    2,292  2,208  2,156  2,214  2.303  2.349  2,271  2.389  2.467  2,331  2.454  2.696  2.779 

Federal   1.979  1.912  1,871  1,925  2,008  2.052  1.947  2.042  2,108  1,954  2,061  2.301  2.375 

State  and  local   313  296  286  288  295  297  323  347  359  377  393  395  405 

Industry   3.466  3,729  4,084  4.479  4.863  5.115  5.577  6.002  6.597  7.144  7.562  7.825  8.572 

Higher  education   4.630  4.504  4.377  4,614  4,930  5.209  5.606  5.056  6.279  6,544  6.642  6.917  7.144 

Private  nonprofit   1.119  1,053  1.014  1.083  1.126  1.224  1.219  1.352  1.386  1.626  1.617  1.578  1.625 

Foreign    768  762  766  770  804  884  1,027  1,140  1.377  1.322  1.517  1.698  1.784 


•For  Howard  Hughes  Medical  Institute,  figures  are  for  the  direct  conduct  of  biomedical  research,  and  exclude  support  for  scientific  career  development  Figures  for 
1985  include  only  8  months  of  operations  because  of  change  in  fiscal  year. 

•^Includes  expenditures  for  federally  funded  research  and  development  centers  administered  by  organizations  tn  the  respective  sectors 

■The  biomedical  R&D  price  index  used  here  differs  'rom  the  GDP  implicit  price  deflator  detailed  in  appendix  table  4-1 

SOURCE  National  Institutes  ot  Health.  Department  of  Health  and  Human  Services.  NIH  Data  Boo;c(Bethesda.  MD:  NIH.  annual  senes) 

See  ftqure  4-11.  Saence  &  Engineering  Indicators  -  1993 


458 

ERIC 


Appendix  A.  Appendix  Tables 


Appendix  table  4-29. 

Indicators  of  technology  transfer  from  federal  laboratories:  1987-91 

(page  1  of  2) 


Agency 

1987 

1988 

1989 

1990 

1991 

Number  of  active  cooperative  R&D  agreements 

Total,  all  agencies  

  108 

194 

403 

607 

975 

Dept.  of  Agriculture  

  9 

51 

98 

128 

177 

Dept.  of  Commerce  

  0 

9 

44 

82 

115 

uepi.  01  ueiense 

Air  Force  

  0 

2 

7 

13 

26 

  2 

9 

32 

80 

115 

Navy  

  0 

0 

2 

20 

52 

Dept.  of  Energy  

  0 

0 

0 

1 

43 

Environmental  Protection  Agency  .  .  . 

  0 

0 

2 

11 

31 

Dept.  of  Health  and  Human  Services  . 

  22  . 

28 

89 

110 

144 

Dept.  of  the  Interior  

  0 

0 

1 

12 

11 

National  Aeronautics  &  Space  Admin  ' 

  75 

95 

127 

147 

244 

Dept.  of  Transportation  

  0 

0 

0 

1 

9 

Dept.  of  Veterans  Affairs  

  0 

0 

1 

2 

8 

Number  of  inventions  disclosed 

Total,  all  agencies  

  2,662 

3,047 

3,168 

3.772 

4,213 

Dept.  of  Agriculture  

  83 

144 

127 

158 

127 

Dept.  of  Commerce  

  43 

31 

49 

46 

30 

Dept.  of  Defense 

Air  Force  

  83 

90 

169 

160 

102 

Army  

  248 

348 

276 

376 

463 

Navy  

  622 

709 

708 

847 

959 

Dept.  of  Energy  

  857 

1.003 

1.053 

1.335 

1.666 

Environmental  Protection  Agency  .  .  . 

  0 

0 

0 

12 

20 

Dept.  of  Health  and  Human  Services, 

  194 

226 

209 

215 

215 

Dept.  of  the  Interior  

  3 

6 

3 

26 

26 

National  Aeronautics  &  Space  Admin, 

  496 

462 

532 

538 

570 

Dept.  of  Transportation  

  0 

0 

0 

1 

2 

Dept.  of  Veterans  Affairs  

  33 

28 

42 

58 

33 

Number  of  patent  applications 

Total,  all  agencies  

  848 

1.131 

1.462 

1.669 

1.936 

Dept.  of  Agriculture  

  44 

50 

71 

76 

110 

Dept.  of  Commerce  

  8 

15 

28 

28 

18 

Dept.  of  Defense 

Air  Force  

  49 

47 

122 

145 

178 

Army  

  177 

203 

216 

236 

274 

Navy  

  117 

197 

278 

426 

467 

Dept.  of  Energy  

  252 

336 

382 

366 

397 

Environmental  Protection  Agency .  .  . 

  4 

5 

5 

6 

8 

Dept.  of  Health  and  Human  Services 

  98 

145 

225 

239 

261 

Dept.  of  the  Interior  

  5 

4 

11 

15 

21 

National  Aeronautics  &  Space  Admin, 

  94 

129 

121 

123 

201 

Dept.  of  Transportation  

  0 

0 

0 

1 

1 

Dept.  of  Veterans  Affairs  

  NA 

NA 

3 

8 

NA 

(continued) 
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Appendix  table  4-29. 

Indicators  of  technology  transfer  from  federal  laboratories:  1987-91 
(page  2  of  2) 


Agency 

1987 

1988 

1989 

1990 

1991 

Number  of  licenses  granted 

Total  all  agencies  

128 

125 

157 

193 

261 

53 

60 

76 

83 

100 

Nonexclusive   

75 

65 

81 

110 

161 

30 

24 

23 

33 

29 

0 

0 

1 

0 

2 

Dept.  ot  Defense 

1 

....  1 

2 

2 

4 

3 

2 

2 

3 

9 

6 

2 

10 

8 

15 

37 

43 

57 

88 

125 

Environnnentai  Protection  Agency  

0 

0 

0 

1 

2 

Dept  of  Health  and  Human  Services  

35 

42 

48 

47 

69 

Dept.  of  the  Interior  

3 

3 

7 

3 

5 

National  Aeronautics  &  Space  Admin.  .  .  . 

  13 

7 

7 

6 

4 

NA  =  not  available 

"Cooperative  agreements  made  by  National  Aeronautics  and  Space  Administration  labs  are  made  under  the  authonty  of  the  1958  Space  Act. 
SOURCE  Office  of  Technology  Commercialization.  Department  of  Commerce.  Technology  Transfer  Under  the  Stevenson-Wydler  Technology 
Innovation  Act:  The  Second  Btenntal  fleporr  (Washington.  DC.  DOC.  January  1993i 

See  tiQure  4-24.  Saence  &  Engineering  Indicators  - 1 993 
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Appendix  table  4-35. 

International  R&D  expenditures  and  R&D  as  a  percentage  of  GDP:  1970-91 


R&D  expenditures' 


United  United 
States    Japan  Germany  France  Kingdom 


Italy  Canada 


United 
States 


R&D  expenditures  as  a  percentage  of  GDP 
United 

Japan  Germany^  France  Kingdom  Italy  Canada 


Billions  of  constant  1987  dollars  ..  ^. 

1970   74.2  16.0  13.8  10.1  NA  3.9  2,7  2.6  1,8  2,1 

1971   71.9  17,1  15,2  10,5  NA  4.1  3.1  2.4  1,9  2,2 

1972   73.4  18.9  15.9  10.7  11.6  4.3  3.2  2.4  1.9  2,2 

1973   74.4  20,7  15.8  10,7  NA  4.3  3,1  2.3  2.0  2.1 

1974   73,2  21.2  16.2  11,2  NA  4.2  3.1  2.3  2.0  2.1 

1975   71.6  21.6  16.7  11.3  12.2  4.6  3.2  2.2  2.1  2.2 

1976    74.6  22.4  17.0  11.5  NA  4.5  3.2  2.2  2.0  2.2 

1977   76.5  23.1  17.4  11.8  NA  4.7  3.4  2.2  2.0  2.2 

1978    79.8  24.2  18.7  12.1  13.5  4.6  3.6  2.2  2.0  2.3 

1979   83.8  26.8  20.5  12.9  NA  4.9  3.8  2.2  2.1  2.4 

1980    87.3  29.3  21.4  13.3  NA  5.1  4.0  2.3  2.2  2.4 

1981    91.1  32.0  21.1  14.6  15.4  6.0  4.5  2.4  2.3  2.4 

1982   95.5  34.4  21.8  15.6  NA  6.2  4.9  2.5  2.4  2.5 

1983    102.2  37.1  21.9  16.0  15.0  6.6  4.9  2.6  2.5  2.5 

1984   111.1  39.6  22.4  16.8  NA  7.1  5.3  2.7  2.6  2.5 

1985    120.6  43.5  24.4  17.3  15.8  8.1  5.7  2.8  2.7  2.7 

1986    123.4  43.9  24.9  17.5  16.8  8.3  6.0  2.8  2.7  2.7 

1987   125.4  46.9  26.5  18.1  16.9  9.0  6.0  2.8  2.8  2.9 

1988    128.7  50.2  27.2  18.8  17.4  9.5  6.1  2.7  2.9  2.9 

1989   129.7  54.5  28.2  19.9  18.0  10.0  6.1  2.7  3.0  2.9 

1990    129.4  59.1  28.0  21.1  17.6  10.6  6.4  2.7  3.1  2.7 

1991    123.4  60.7  29.6  21.3  16.3  11.4  6.4  2.6  3.0  2.8 


Percent  ■ 
1.9 
1.9 
1,9 
1,8 
1.8 
1.8 
1,8 
1.7 
1.7 
1.8 

1.8 
2.0 
2,1 
2.1 
2.2 
2.3 
2.2 
2.3 
2.3 
2.3 

2.4 
2.4 


NA 
NA 
2.1 
NA 
NA 
2.0 
NA 
NA 
2.1 
NA 

NA 
2.4 
NA 
2.2 
NA 
2.3 
2.3 
2.2 
2.2 
2.2 

2.2 
2.1 


0.8 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 

0.7 
0.9 
0.9 
1.0 
1.0 
1.1 
1.1 
1.2 
1.2 
1.2 

1.3 
1.4 


1.2 
1.3 
1,2 
1.1 
1.1 
1,1 
1.0 
1.1 
1.1 
1.1 

1,1 
1.2 
1.4 
1.4 
1.4 
1.4 
1.5 
1.4 
1.4 
1.4 

1.4 
1.4 


N.A  =  Not  available 

'Conversions  of  foreign  currencies  to  U.S.  dollars  are  calculated  with  Organisation  for  Economic  Co-operation  and  Development  purchasing  power  parity  exchange 
rates.  (See  appendix  table  4-2.)  Constant  1987  dollars  are  based  on  the  U.S.  Department  of  Con:imerce  calendar  year  GDP  implicit  price  deflators.  (See  appendix 
table  4-1  ) 

^'German  data  are  for  the  former  WO'^t  Germany  only.  The  R&D/GDP  ratio  for  the  unified  Germany  was  2.6  percent  in  1 991 . 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation  .nternational  Science  and  Technology  Update  (Washington.  DC:  NSF.  periodic  series); 
Organisation  for  Economic  Co-operation  and  Development  Main  Science  and  Technology  Indicators  database;  and  national  sources. 

See  figure  4-7.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-36. 

International  nondefense  R&D  expenditures  and  nondefense  R&D  as  a  percentage  of  GDP:  1970-91 


Nondefense  R&D  expenditures'  Nondefense  R&D  expenditures  as  a  percentage  of  GDP 


United 
States 

Japan 

Germany^ 

United 
France  Kingdom 

Italy 

Canada 

United 
States 

United 

Japan  Germany^  France  Kingdom 

Italy 

Canada 

B 

illions  of  constant  1987  dollars 

Percent 

1970 

51.6 

NA 

12.6 

M  A 

M  A 

INA 

3.9 

NA 

1.8 

NA 

1.9 

NA 

NA 

0.8 

NA 

1971 .    .  . 

50  0 

16.9 

14.1 

8.0 

NA 

4.0 

2.9 

1.7 

1.9 

2.0 

1.4 

NA 

0.8 

1.2 

1972 

50.4 

18.7 

To.U 

0.4 

o.o 

4.2 

3.1 

1.6 

1.9 

2.1 

1.5 

1.5 

0.8 

1.2 

1973 

52.6 

20.5 

14.7 

Q  A 
0.4 

M  A 

INA 

4.2 

3.0 

1.6 

2.0 

1.9 

1.4 

NA 

0.8 

1.1 

1974 

53.1 

21.0 

10.1 

o.y 

M  A 

INA 

4.1 

3.0 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

1.1 

1975. 

51.9 

21.5 

10.7 

y.i 

O.O 

4.6 

3.1 

1.6 

2.1 

2.1 

1.4 

1.4 

0.8 

1.1 

1976 

54.7 

22.3 

10. y 

y.4 

M  A 

INA 

4.4 

3.1 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

1.0 

1977 

55.3 

23.0 

lb. 4 

y.D 

M  A 

INA 

4.7 

3.3 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

1.0 

1978 

58.4 

24.1 

17.6 

9.7 

9.6 

4.5 

3.5 

1.6 

2.0 

2.1 

1.4 

1.5 

0.7 

1.0 

1979 

62.7 

26.6 

19.3 

10.1 

NA 

4.8 

3.7 

1.7 

2.1 

2.2 

1.4 

NA 

0.7 

1.1 

1980..  .. 

66.5 

29.1 

20.4 

10.3 

NA 

5.1 

3.9 

1.8 

2.2 

2.3 

1.4 

NA 

0.7 

1 .1 

1981 

67  8 

31.8 

20.2 

10.9 

11.4 

5  8 

4.4 

1.8 

2.3 

2.3 

1.5 

1.8 

0.8 

1.2 

1982 

69.2 

34.3 

20.9 

12.0 

NA 

6.1 

4.7 

1.8 

2.4 

2.4 

1.6 

NA 

0.9 

1.3 

1983 

73.6 

36.9 

21.0 

12.6 

11.1 

6.4 

4.8 

1.9 

2.5 

2.4 

1.7 

1.7 

0.9 

1.3 

1  yt34  .... 

7Q  n 

Oy  .H 

21 .4 

13.3 

NA 

R  p 

D.O 

1  Q 

1  .C7 

2.6 

2.4 

1.7 

NA 

1  0 

1 .3 

1985.  . 

84.9 

43.2 

23.2 

13.7 

11.8 

7.6 

5.5 

2.0 

2.8 

2.6 

1.8 

1.7 

1.1 

1.4 

1986  

85.2 

43.6 

23.6 

13.7 

13.0 

7.9 

5.8 

1.9 

2.7 

2.6 

1.8 

1.8 

1.1 

1.4 

1987.  .  . 

86.2 

46.6 

25.2 

14.2 

13.3 

8.6 

5.8 

1.9 

2.8 

2.7 

1.8 

1.8 

1.1 

1.4 

1988 

90.1 

49.8 

26.0 

14.6 

14.1 

6.9 

5.9 

l.d 

2.8 

2.7 

1.8 

1.8 

1.1 

1.3 

1989 

92.3 

54.1 

26.8 

15.6 

14.4 

9.3 

5.9 

1.9 

3.0 

2.7 

1.8 

1.8 

1.2 

1.3 

1990 

94.1 

58.6 

26.6 

16.1 

14.5 

10.2 

6.2 

1.9 

3.0 

2.6 

1.9 

1.8 

1.3 

1.4 

1991  .... 

90.0 

60.2 

28.3 

16.6 

13.2 

10.9 

6.2 

1.9 

3.0 

2.7 

1.9 

1.7 

1.3 

1.4 

NA  -  Not  available 

"Nondefense  R&D  expenditures  are  lolal  R&D  expenditures— generally  as  reported  by  the  R&D  performers  (see  appendix  table  4-35)— minus  goverment  R&D  funds 
for  defense  purposes  (see  appendix  table  4-39)--genera!ly  taken  from  national  budget  documents;  that  is.  as  reported  by  the  R&D  tunders  Conversions  o^  foreign 
currencies  to  U  S  dollars  are  calculated  with  Organijation  for  Economic  Co-operation  and  Development  purchasing  power  panty  exchange  rates.  (See  appendix  table 
4-2.)  Constant  1987  dollars  are  based  on  the  U  S.  Department  of  Commerce  calendar  year  GDP  implicit  price  deflators.  (See  appendix  table  4-1 .} 

'German  data  are  for  the  former  West  Germany  only 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  International  Science  and  Technology  Update  (Washington.  DC.  NSF.  penodic  senes); 
Organisation  for  Economic  Co-operation  and  Development  Mam  Science  and  Technology  Indicators  database:  and  national  sources. 

See  figures  4-7  and  4-8.  Science  &  Engtneenng  Indicators  -  1993 
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Appendix  table  4-37. 

International  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1991 


R&D  performer 


Total 


Industry 


Sources  of  R&D  funds 
Government 


Higher 
education 


Private 
nonprofit 


  Percent 

distribution. 
Foreign  performers 


Japan  (in  billions  of  current  yen) 


Total  

Industry  

Government  .  .  . 
Higher  education 
Private  nonprofit 


13.769 

9.743 
1.047 
2.406 
573 


10.005 

9.589 
23 
55 
338 


2.546 

134 

1.023 
1.233 
156 


1.116 

0 

0 

1.115 
0 


91 

10 
0 
3 

78 


12 

10 
0 
0 
2 


100.0% 

70.8 
7.6 

17.5 
4.2 


Percent  distribution,  sources  .  . 

100.0% 

72.7% 

18.5% 

8.1% 

0.7% 

0.1% 

Germany  (in  millions  of  current  deutsche  marks) 

Total  

72.840 

43.640 

27.070 

0 

400 

1.730 

100.0% 

Industry  

49.850 

42,580 

5.510 

160 

1.600 

68.4 

Government  

11.100 

100 

10,710 

170 

120 

15.2 

Higher  education   

1 1 .560 

900 

10,660 

15.9 

Private  nonprofit  

330 

60 

190 

70 

10 

0.5 

Percent  distribution,  sources  .  . 

100.0% 

59.9% 

37.2% 

0.0% 

0.5% 

2.4% 

France  (in  millions  of  current  francs)' 

Total  

157.203 

68.390 

75.864 

437 

668 

11.844 

100.0% 

Industry  

94.997 

65.631 

18.765 

9 

32 

10,560 

60.4 

Government  

38.006 

1.430 

35,372 

46 

29 

1.129 

24.2 

Higher  education  

22.905 

1.112 

21.281 

359 

18 

135 

14.6 

Private  nonprofit  

1.295 

217 

446 

23 

589 

20 

0.8 

Percent  distribution,  sources  .  . 

100.0% 

43.5% 

48.3% 

0.3% 

0.4% 

7.5% 

United  Khgdom  (in  millions  of  current  pounds) 


Total  

11.940 

5.980 

4,120 

90 

360 

1.390 

100.0% 

Industry  

7.770 

5.390 

1.140 

1.240 

65.1 

Government  

1.640 

190 

1.360 

60 

30 

13.7 

Higher  education  

1.940 

160 

1.380 

90 

210 

100 

16.2 

Private  nonprofit  

590 

240 

240 

90 

20 

4.9 

Percent  distribution,  sources  .  . 

IOO.OVd 

50.1% 

34.5% 

0.8% 

3.0% 

11.6% 

Italy  ((n  billions  of  current  lire) 

Total  

19.659 

8.794 

10.227 

0 

0 

638 

100.0% 

industry  

10.968 

8  614 

1.792 

562 

55.8 

Government  

4.791 

87 

4.665 

39 

24.4 

Higher  education  

3.900 

93 

3.770 

37 

19.8 

Private  nonprofit  

0.0 

Percent  distribution,  sources  .... 

100.0% 

44.7% 

52.0% 

0.0% 

0.0% 

3.2% 

Canada  (in  millions  of  current  dollars) 

Total  

9.737 

3.994 

4.347 

199 

250 

947 

100.0% 

Industry  

5.184 

3.795 

471 

918 

53.2 

Government  

1.915 

29 

1.879 

7 

19.7 

Higher  education  

2.527 

158 

1.955 

199 

202 

13 

26.0 

Private  nonprofit   

111 

12 

42 

48 

9 

1.1 

Percent  distribution,  sources  .  . 

100.0% 

41.0% 

44.6% 

2.0% 

2.6% 

9  7% 

ERjc:: 


Data  for  France  are  lor  1990 


■JRCE  Organisation  for  Economic  Co-operalton  and  Development,  unpublished  tabUlaHDns. 
lure  4-5 
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Appendix  table  4-36. 

R&D  expenditures  in  the  United  States,  by  performing  sector  and  domestic  and  foreign  source  of  funds: 
1980,1987,  and  1990 


Sources  of  R&D  funds 


R&D  performer 

Total 

inuusiry 

Government 

Higher 
education 

Private 
nonnrofit 

Foreign 

distribution, 
performers 

Millions  of  dollars  • 

Total  1980  expenditures  

62.610 

2y,oyb 

29.461 

1,334 

1  517 

1 00  0% 

Industry  

44.505 

28,959 

14.029 

1  c:i  7 

71  1 

Government  

7.632 

7.632 

12? 

Higher  education  

8.323 

236 

6,350 

1 ,334 

403 

— 

13.3 

Other  nonprofit  

2.150 

200 

1 .450 

500 

— 

3.4 

Percent  distribution,  sources. .  . 

.  100.0% 

46.9% 

47.1% 

2.1% 

1 .4% 

2.4% 

Total  1987  expenditures  

.  125,353 

58,1 46 

57,912 

3,192 

1  ROR 
1  ,ouo 

4  497 

1 00  0% 

industry  

92,155 

56,906 

30.752 

1  0.\J 

Government  

13,413 

13.413 

10  7 

Higher  education  

.  16,360 

790 

1 1 ,547 

3,192 

831 

13.1 

Other  nonprofit  

3.425 

450 

2.200 

775 

— 

2.7 

Percent  distribution,  sources.  .  . 

.  100.0% 

46.4% 

46.2% 

2.5% 

1 .3% 

3.6% 

Total  1990  expenditures.  .  .  . 

146.434 

67.311 

63.996 

4.356 

2.368 

8.403 

100.0% 

Industry  

.  104.606 

65.577 

30.626 

8.403 

71.4 

Government  

16.002 

16.002 

10.9 

Higher  education  

21,176 

1.134 

14,468 

4.356 

1.218 

14.5 

Other  nonprofit  

4.650 

600 

2.900 

1.150 

3.2 

Percent  distribution,  sources.  . 

.  100.0% 

46.0% 

43.7% 

3.0% 

1 .6% 

5.7% 

NOTE-  Foreign  sources  represent  funding  from  companies  located  in  the  United  States  with  foreign  ownership  of  50  percent  or  more. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  National  Patterns  of  RSD  Resources-  1992.  NSF  92-330  (Washington.  DC: 
NSF,  1992);  SRS.  unpublished  tabulations:  and  Bureau  of  Economic  Analysis,  unpublished  tabiJations. 

See  fiaure  4-5.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-39. 

Distribution  of  government  R&D  budget  appropriations,  by  socioeconomic  objective:  1392 


United  United 
 States  Japan  Germany  France         Kingdom        Italy  Canada 

"  '  Percent   

"^^^^^   100,0  100,0  100.0  100.0  100.0  100.0  100.0 

Agriculture,  forestry,  and  fishmg   2.2  3.6  2,7  4  0  4  0  2  6         12  6 

Industrial  development   0.3  3.9  13,3  12^6  7  9  143  9  9 

  4,5  21.3  4.7  3.1  2^0  37  5^8 

Infrastructure   2,2  1.9  1,9  1,0  1,7  0  7  4  7 

Transport  and  telecommunications   2.O  1.5  0.4  NA  NA  NA  3  5 

Urban  and  rural  planning   0.2  0.3  ^  A  NA  NA  NA  ^  ^ 

Environmental  protection   0,7  0.5  3,6  0.7  1  6  2  1  1  6 

health   14.7  0.5  3,6  07  1  6  2  1  1  6 

Social  development  and  services   1.3  2,9  3.3  3.4  50  62  7  9 

Earth  and  atmosphere   1.2  1.0  2.6  0^4  2^4  4^8  2  4 

Advancement  of  knowledge   3.9  50.8  48.1  26  9  22  5  46  3         36  3 

Advancement  of  research   3.9  8.3  13.5  14^9  4  9  94  154 

General  university  funds   _  42.5  34.8  12.0  17.6  36^9  20^8 

^'^^'^  space   9.6  7.1  5.9  8  4  3  1  7  2  6  9 

defense   59.4  59  io,5  37,4  46.2  7  3  7  0 

Not  elsewhere  classified   0.0  0.0  0.7  0.4  03  3  5  17 

NA  =  not  separately  available  but  included  in  subtotal;  ~-  =  the  United  States  does  not  have  an  equivalent  to  Europe's  and  Japan's  general  university  funds 

Dl^Iof  ^.^'^^""^^f^     y     f    ^°  ^  00  because  of  rounding.  U.S.  data  are  based  on  budget  authority.  Because  of  general  university  funds  and  slight  differences 
n  accounting  practices,  the  distnbution  of  government  budgets  among  socioeconomic  objectives  may  not  completely  reflect  the  actual  distribution  of  government- 
funded  research  in  particular  objectives  Japanese  data  are  based  on  science  and  technology  budget  data,  which  include  items  other  than  R&D.  Such  items  are  a 
small  proportion  of  the  budget  and  therefore  the  data  may  still  be  used  as  an  approximate  indicator  of  relative  government  emphasis  on  R&D  by  objective  Data  for 
Canada  and  France  are  for  1991.  7  w^j^.v,i.v^.  l^oio  .wi 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation  International  Science  and  Technology  Update  (Washington.  DC-  NSF  annual  series)- 
organisation  for  Economic  Co-operation  and  Development  Main  Science  and  Technology  Indicators  database;  and  national  sources. 

See  figure  4-1 2.  Science  &  Engineering  Indicators  - 1993 


477 


ERIC 


380  ♦ 


Appendix  A.  Appendix  Tables 


Oi 

I 

o 

CO 


3 

■o 
c 

>* 
Si 

w 

0) 

'IZ 
as 

''B 
to 
Si 

0) 

c 
g> 

o 


c 

(0 

(A 
0) 

E 

CO 
Q. 

E 
o 
o 

CO 

>» 

JD 

T3 
CQ 

O 
^ 

CO 

TJ 
0) 

E 


a. 
a 
<a 
oc 

^  c 

CD  C3 

B.E 

2  V  ^ 
X  ^  o 

CO  1— 

s  ^% 

Q.  O  S 
<  O  5: 


o 


CVJ 


00 
CD 


m 

CVJ 


55  S 

S  CD 


CD 
CVJ 


O 


CO 
CO 


ERIC 


coco^cvjr^<Tt<coo<coa^ 
cDcvjocvjo^cvj^incNj^fSco 

COr^CD        ^  ^CDCD^tO'- 

cvj'  <r-' 


oor^cO''-coomo^<co'^ 

'^C3)'^'^r^<DCOCD0Oh-T;^CD^ 

c>  m  ^      CVJ  LOcD^in^ 


-.-"^OOCDLO^CDCDIO-^^CTJOO 

■^ooc7)'^'::^cvj-^"«—  r^Ti^'^to 


r^-.--i-ooo<'^<'^c7)'r-coio 

CVJOOOCVJinTrCVJTTCDCDOCJ^CT) 

mh-r^  ^cocDooco 


CO  in  00      <"  CO  o 

y-     ^     ^    ^  ^ 

CVJ  CD  CD  ^ 


CO  CVJ  < 
CO  CO  "7 
CVJ  ^  ^ 


CO 


(J)  y-  a>cvjo<<cD^<<cvjr^. 
cDr^r^cjj'^T^^cvjirj^^ir-cvj 


mco'^c7)r^<<'-cn>-Lnc7)oo 

r^'<;S-'^C;^'^7^7^CMttC7)CVJCD>'- 


CD  in  o  T- 


O  3 

X3  Q- 


.9  w 
o  o 

X  O 


o 

CD  ^ 

£  y 

El 


03  b  ^ 
g  -       _  ~ 


—  "O 

-  ^  ^  X3 

I  ^ 

a.  LL 


CO 


CD 
CVJ 
00 

cd' 


o 

CO 
CO 
CD 


00 


c 

CO 
CO 

c 

8 

o  °o 

w  <^ 

c 
o 


ocDLO'.-'-oaj^or^r^cooo 

r^OOOOOOCD  CVJ-^COOCD 

r^co-^^-  r^LocTJCvj 


cocj)cO'^cocj)ocor^cvjo<o 

CDCVJCDCDOt-'t-CVJI^COOO^'- 

r^cocO''-  LO-^oo 


■^cvja^cocooa^LO'^r^cor^ 

CD0O>-CDCO>-  CVJC7>CD-^C0 
CDCOCO>—  rt-^OOCVJ 


CVJLOr^OO-^OOOOCVJLO-^OOO 
CD>-0OCVJa^T-  COt-I^OOCO 

r^cvj'^'.-  cD-^oocvj 


■^rocDr^'>-'<->-<CO^>-oo 
Lno-^LO-^cvj-r-^CTJincvjoo 

CDCVJCO>—  ^-LO-^O-^ 


CVJ 
CD 

CO 


co 


IB  i 


= 


_    (1)  "O  „ 

&  c  §  5 

gl 

^  ^  2  9  o 

:e    i-  CL  z 


o 


co  CVJ  in  CVJ  <  o 
ID      cj)      00  ^  CVJ 

CJ)  LO  CO  ^ 


CO  CD  <  CJ)  00 

o  CM  ^  cn 

^  in  ^  5J 


c 
o 
o 


moocomcocvjr^r^cDco<:r^>- 

C0mc0h-CDCOCVJLOC7)CJ)^C7)0 
h-TjCVJ         CVJ  COLO^^^ 


00  CD  00  00  -f-  < 
CO  CO  CD  1-  7 


rj-  CVJ  CD  C7)  <  ^  O 
CVJ  Tl-  C7^  OO  7  •«-  O 

CO  in  ^  '^f  T- 


CDmCMCOCD<CO< 

cvj-^incnuOTT'CvjTT' 
^      CD      ^  ^ 


CO         CO  00  -r- 
"^t  CO  CJ> 

CO  CD  CO 


r^coLooor^<fooococvj<r^'«a- 

CO'^CVJi-'^TT-'.-'^COCO^'^CD 
CVJCDCL/         ^  CVJ^^CO 


Y-moooo^<<r^^<<cj)oo 
r^oa)0'^:?'^cvjoo2^"«-cvj 


CJ)COOCOO<<CVJOCDCDC3^C7> 

r^cnr^cvjmTT-^cvjcocvjcor^-^ 

00-^^  f^CDO>^ 


h-'^CO'.-^-CDOCOCOOr^CTiCJ) 
r^CDCVJ'^'.-CD>-CVJ'.^C7)C7)00 

oo-^-^^-  oomcDcvj 


CVJ<DCVJ'^0OCVJ^'-CDCVJCOC7)<^ 

r^cocvj-»--'-cvj'—  cvjcomo^'"^ 
cO'^'^-»-  cDmo 


CD-^-^COCTJCVJ^OCJjr^CDCOOO 

r^'.-oocom'^  -r-cooomooo 
ooco-^-^  mmocvj 


mCD'^CVJCDOO^OOCDCVIOCVJO 

r^ocD'^'^cvj-.-cor-ocvjOT- 
a^comcvj  "^cd^cvj 


m-^-cooor^  cj)m<cmcr)coc7)0 
r^'^'^cncDcvj^TTCOCvjcvjmr- 

OOCO'^'^  COCD^CVJ 


O  LfJ 


o  _ 
o  -o 
o 


O      '  ^ 


Q)  c: 

O  C7) 

-6  g 

O  CI 

"  E 


Q.  i  C 

c:  ^  cj  - 


to 


o  Q  a; 


^  3  u    ^  ^ 


CO  rc 
0)  fC  y 

§11 

(J)  Cl  u. 


2  o 


O    O  C 


£L  Z 


CO 


Science  &  Engineering  Indicators  -  1993 


♦  381 


d, 

00 


(/) 

D 
C 

to 

0) 
*Z 

to 
'S 

(0 

c 
*S 


0) 

T3 
C 

to 
(/) 

0) 

*E 
m 
o. 

E 
o 
o 

<n 
zi 

Si 
•D 

CO 

O 
i— 

Si 
cn 

o 
E 


0) 
£L 

O 
o9 

DC 

7  0) 

^  c 

a;  (0 

iS  **r  ^ 
X  ^  o 
T3  (0  cu 

<  O  5r 


Q  cri 


ERLC 


Q) 
Q. 

CD 


CO 
3 


CD 

a> 


o 


co  p  CO  CO  < 
Tt  rv!  o  CD  2 


CO  p 
^  IT) 


'r-c\iCDcnrfrfi^r-Lnin<cvir^ 
cocbr^cDcoGrjcocD-r-^LriZo)!- 

t-         C\J        CVJ        1-  ^ 


c\jtsJC\Jcoc\j<ppc\ja)<pp 
cocomcHcjZcocDT-'^Zco-r-* 


c\jTtc6inco2Ico2I"r-cDC\jr^i^ 


'r-c\jr^'r-ir)<incor-."r-<'<tc\j 
cocO'r-^iricNiZcicDT-^'^'Zcb-r^ 


'«t'«a-cDino<<c\jp<< 


LO  p 

o 


cboo-^cvilZIZcvicDCDodcocD 


Lnc\ir^-»-minpr^crjpr^c\ic\i 
cDocxDC\j'^o6i^c\jr^inGOcbo 


cDi^Ti-inocMTj-cDcopp<i;ir) 
h>.'o<j>c\iLr>c6-<^c6r^LnG»2o 


CVJOCDr^CDT-CO-^QOOQOO 

oo-r-od'^cDCvj-t-^-^cDi^crii^ 


Tj-  p  in  o 
Tt  ^  in  o  r>-" 


2  ^ 


CX>  CO  < 

ai  <z>  CD  21 
c\j 


CD  < 
^  Z  ^ 


CO  r-.  p  r-; 
CO      r^'  o 


)r  CO 

^  a 

o  u 

(J  n 

o  o  «J 

^  ^  -c: 

o  -o  - 

-o  I  5 

S  «  o 
^ 

o;  TO  re 

g  c 

8  a;  "o 

o  ^ 

LL  O 


a  o 


o 
c  ra 


o    ■  _ 

^  -  a? 

(0  r3  c 

c  a; 

a>  fu  y 

c  F  X 


c 


q3  *a? 


Q  a; 
a. 


ro    O    n3  O 


I 


Si 

i 


CO 
2 


O 
Q 


O 


Q 

O 


382  ♦ 


Appendix  A.  Appendix  Tables 


Appendix  table  4-41. 

R&D  expenditures  performed  for  majorlty-i 
by  country:  1982  and  1989-91 


Country  1982 


Total   3.647 

Canada   545 

Europe   2,591 

Belgium   181 

France   263 

Germany   893 

Ireland   31 

Italy   136 

The  Netherlands   101 

Spain   36 

Sweden   29 

Switzerland   51 

United  Kingdom   805 

Other  European  countries  ....  65 

Asia  and  the  Pacific   294 

Australia   120 

Japan   104 

Singapore   D 

Other  Asian  and  Pacific 

countries   D 

Latin  America  and  other 

Western  Hemisphere   179 

Brazil   96 

Mexico   38 

Other  Latin  America  countries  .  45 

Middle  East   H 

Africa   26 

South  Africa  '  ■  23 

Other  African  countries   3 


foreign  affiliates  of  U.S.  parent  companies, 


1989  1990  1991 


Millions  of  current  U.S.  dollars 

7.048  10.187  9.358 

914  1,159  1,037 

5,178  7.952  7.109 

317  388  383 

545  882  871 

1.4y6  2.561  2.503 

134  539  573 

294  476  327 

360  459  477 

115  103  100 

33  130  83 

67  76  91 

1,673  2.221  1.612 

144  117  89 

760  846  914 

181  197  144 

488  512  595 

25  54  87 

247  83  88 

153  201  2*^3 

90  113  149 

37  53  64 

26  35  40 

32  16  30 

11  13  15 

9  10  12 

2  3  3 


D  -=  withheld  to  avoid  disclosing  operations  of  individual  companies 

NOTES:  Data  include  foreign  direct  investments  of  nonbank  U.S.  affiliates  only  and  R&D  expenditures  conducted  by  and  for  the 
foreign  afliliates  The  data  exclude  expenditures  for  R&D  conducted  for  others  under  a  contract.  The  expenditures  reported 
here  d:(fer  from  those  in  appendix  table  4-40 

SOURCE.  Bureau  of  Economic  Analysis.  U.S.  Dtrect  Investment  Abroad  (Washington.  DC:  BEA.  annual  series). 
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Appendix  table  4-42. 

Distribution  of  strategic  technology  alliances  between  economic  blocs,  by  technology:  1980-^4  and  1985-89 


U.S -Europe 

HQ. 
U.O.- 

-Japan 

1  1  c 
U.o 

■■  '■    -  - 

—Japan 

Technology 

1 980-84 

1980-84 

1985-89 

1 980-84 

1 985-89 

Total  

  338 

586 

272 

307 

100 

149 

Biotechnology  

58 

124 

45 

54 

5 

20 

New  materials  

  32 

52 

16 

40 

15 

23 

Information  

  158 

256 

133 

132 

57 

57 

Automotive  

  10 

24 

10 

39 

6 

16 

Aviation/defense  

  24 

31 

7 

3 

1 

0 

Chemicals  

  31 

54 

35 

28 

14 

21 

Food  and  beverages  

  3 

4 

0 

2 

2 

2 

Heavy  electrical  equipment  

  13 

22 

9 

4 

0 

4 

Instrumentsmedical  

  9 

19 

17 

5 

0 

6 

SOURCE:  John  Hagedoorn  and  Jos  Schakenraad.  Strategic  Teciinology  Partnering  and  International  Corporate  Strategies."  In  European  Competitiveness.  Kirsty 
Hughes  ed  (Cambridge.  United  Kingdom.  Cambridge  University  Press.  1993). 

See  figure  4-27  Science  &  Engineering  Indicators  -  1993 


Appendix  table  4-43. 

Percentage  of  industrial  R&D  performance  financed  from  foreign  sources,  by  selected  country:  1981-91 


United 
States 

Canada 

France 

Germany^ 

Italy 

Japan 

United 
Kingdom 

Percent 

1981  

  6.2 

7.4 

7.2 

1,2 

4.3 

0.1 

8.7 

1982  

  6.5 

10.7 

4.8 

1.3 

4.7 

0,1 

NA 

1983  

  6.5 

16.7 

4,6 

1.4 

4.3 

0.1 

6.8 

1984  

  6.5 

17.2 

6.5 

1.5 

6,2 

0.1 

NA 

1985  

  6.4 

14.3 

6.9 

1.4 

6.1 

0,1 

11,1 

1986  

  6,8 

13.7 

8.0 

1,4 

7.3 

0.1 

12,2 

1987  

  7.3 

16.9 

8.7 

1.5 

6.9 

0.1 

12.0 

1988  

  8.2 

18.1 

9.2 

2.1 

6.6 

0,1 

12,0 

1989  

  9.5 

16.9 

10.9 

2.7 

6,5 

0.1 

13.4 

1990   

  11.1 

17,7 

11.1 

3.0 

7.3 

0,1 

15.5 

1991  

  NA 

17.7 

NA 

3.1 

5,1 

0,1 

16.0 

NA    not  available 


NOTE  For  (he  United  States,  foreign  expenditures  are  from  companies  with  at  least  10  percent  foreign  ownership. 
"German  data  are  for  the  former  West  Germany  only 

SOURCE"  Organisation  for  Economic  Co-operation  and  Development.  Main  Science  and  Technology  Indicators  database,  and  Bureau  of  Economic  Analysis.  Foreign 
Direct  Investment  m  the  United  Strifes  (Washington.  DC-  BE  A.  annual  series) 

See  figure  4-29  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-  45. 

R&D  expenditures  In  the  United  States  by  majority-owned  U.S.  affiliates  of  foreign  companies, 
by  Industry  of  affiliate  and  country  of  ultimate  beneficial  owner:  1980  and  1987'-90 

Industry  and  country 


Total  .   .  ... 

Expenditures  by  Industry 

Manulacturing  ... 

Food  and  kindred  products  

Chemicals  and  alliod  productfi  

Industrial  and  olhor  chemicals  . 

Drugs  and  medicines  

Petroleum     

Rubber  products  

vSlone,  clay,  and  glass  products  ,    .  . 

Primary  metal  industri.es  

Fabricated  metal  products  

Machinery,  except  el3Ctr;cal  

Computer  and  office  equipment  .  . 

Other  

Electrical  and  electronic  equipment  .  . 

Household  audio  &  video,  and 

communications  equipment  

Electronic  components  and  othei 

Transportation  equipment  

Professional  and  scientific  instruments  , 


Nonmanufactunng  industries  .  .  . 

Services  

Wholesale  trade  

Motor  vehicles  and  equipment 
Electncai  goods  

Other  


Expenditures  by  country 

Canada   

Europe  

France   

Germany'     ...  .... 

Italy  

The  N(Mhorlands  

Sweden  ...  ... 

Switzerland  

United  Kingdom  

Other  European  countries  

Asia  and  the  Pacific  

Australia   .... 

Japan   .... 

Other  Asian  and  Pacific  countries   

Latin  America  and  other  western  hemisphere 

Middle  East  " .  .  .  . 

Africa  

South  Africa  

Other  African  countries  


Total . 


198C 

1987 

1988 

19B9 

1990 

Millions  of  current  dollars 

1 .51 7 

4.497 

5.485 

6.720 

8  403 

1  .A20 

4.092 

5.112 

G.203 

/  /•03 

19 

58 

105 

185 

201 

733 

0 

D 

[) 

(.) 

501 

D 

L) 

u 

D 

232 

1 .0/'5 

1 .293 

1  BOG 

2  'M') 

175 

283 

339 

378 

491 

8 

50 

98 

1 1  7 

153 

1 0 

32 

61 

62 

1 1 

D 

38 

3/ 

'T 
/  1^ 

AO 

0 

62 

100 

201 

150 

D 

446 

556 

639 

;:8 

D 

285 

295 

3 \ 

65 

79 

161 

260 

267 

285 

D 

1.114 

1  078 

1  558 

66 

555 

. '  7  i 

721 

999 

219 

337 

35/ 

550 

10 

D 

D 

D 

100 

26 

254 

210 

295 

:'h:3 

97 

405 

373 

427 

.1)0 

5 

59 

42 

75 

69 

312 

300 

207 

5(i/ 

[) 

86 

67 

71 

28.-5 

5 

71 

107 

0 

10() 

23 

34 

31 

53 

5B 

113 

D 

D 

D 

n 

1 .217 

3,458 

4.241 

5.414 

6  669 

39 

332 

402 

510 

767 

281 

824 

963 

1.216 

1  422 

D 

D 

73 

93 

92 

D 

540 

615 

690 

779 

D 

124 

160 

205 

329 

D 

D 

1  060 

1,455 

2^7 

790 

1 .085 

1.568 

1  78b 

16 

47 

D 

72 

119 

D 

179 

345 

412 

7  7  7 

2 

5 

4 

9 

14 

D 

133 

282 

369 

695 

u 

41 

59 

34 

00 

155 

329 

302 

352 

315 

2 

14 

9 

10 

10 

D 

D 

D 

D 

D 

D 

D 

D 

D 

4 

D 

D 

0 

0 

D 

Millions  of  constant  1987  dollars 

2.116 

4.497 

5.279 

6,194 

7  423 

D  -  wittiheld  to  avoid  disclosing  operations  of  individual  companies.  NA  -  not  available 

NOTES  Includes  foreign  direct  investments  of  nonbank  U  S  affiliates  with  50  percent  or  tnore  foreign  ovvnorslup  Thor.e  P^&D  expenditurer-  Au>  a 
subset  of  total  foreign  R&D  expenditures,  teported  m  appendix  table  4  44  Excluder,  expenditures  tor  R&D  conducted  tor  others  under  a  contract 

"German  data  are  for  the  former  West  Germany  only 

See  appendix  table  4  -1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars 
SOURCE  Bureau  ol  Economic  Analysis,  special  tabulations 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-46. 

Government  funding  of  academic  and  academically  related  research,  by  field  and  country:  1987 


United 

West 

United 

The 

Unweighted 

Field 

Slates 

Japan 

Germany 

France 

Kingdom 

Canada 

Netherlands 

Australia 

average 

   ~  -•     -  ~  

■■  ■  — 

' "  

Millions  ot  constant  U.S.  1987  dollars' 

Total  

.  14,904 

3.736 

4.037 

3.212 

2.787 

1.267 

958 

738 

— 

Percent 

Engineering  

13  2 

21  6 

12  5 

11.2 

15.6 

11.9 

11  7 

7.9 

13  2 

Physical  sciences  

lb. 6 

14.5 

25.1 

29.7 

20.3 

13.7 

21  7 

13.7 

19.3 

Environmental  sciences  .  .  . 

5.8 

3  7 

4.5 

5.3 

6.3 

3.7 

2.8 

94 

5.2 

Math  <i  corrputer  sciences  .  . 

4.0 

2.3 

39 

5.4 

7.5 

5.2 

3.5 

4.2 

4.5 

Life  sciences  

48.9 

33  7 

36.7 

34.7 

31.0 

38.2 

32.7 

36.0 

36.5 

Social  sciences  and  psych. .  . 

5.1 

3.9 

5.2 

4.6 

6.7 

10.3 

10.4 

12.2 

73 

Professional  &  vocational  ,  .  . 

3.3 

9.9 

5.0 

2.1 

5.8 

8.7 

8.5 

6.4 

6.2 

Arts  and  humanities  

2.8 

96 

62 

6.8 

6.6 

7.5 

8.6 

10.1 

7.3 

Multidtsciplinary   

1.5 

0.8 

0.8 

0.1 

0.3 

0.9 

0.1 

0.0 

06 

Conversions  ol  loreign  currencies  to  U.S  dollars  were  calculated  with  the  Organisation  for  Economic  Co  operation  and  Development  purchasing  power  panty 
exchange  rates  available  in  early  1989 

Research  not  elsewhere  classified 

SOURCE"  B  R.  Martin  and  J  Irvine.  Trends  in  Government  Spending  on  Academic  and  Related  Research  An  Intemationai  Comparison.'  Science  and  Public  Policy. 
Vol  19  No  5  315 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-2. 

Support  for  academic  R&D,  by  sector:  FYs  1960-93 

(page  1  of  2) 


Total 


Federal 
Government 


State/local 
government 


Industry 


Academic 
institutions 


All  other 
sources 


1960    646 

1961    763 

1962    904 

1963    1.081 

1964    1.275 

1965    1.474 

1966    1.715 

1967    1.921 

1968    2.149 

1969    2.225 

1970    2.335 

1971    2.500 

1972    2.630 

1973    2.884 

1974    3.022 

1975    3.409 

1976    3.729 

1977    4.067 

1978'   4,625 

1979    5,380 

1980    6,077 

1981    6,847 

1982    7,323 

1983    7.881 

1984    8.620 

1985    9,686 

1986    10.928 

1987    12,154 

1988    13.466 

1989    15.016 

1990    16.344 

1991    17.620 

1992  (est.)'   19.050 

1993  (est.)'   20,550 

1960    2.475 

1961      2.901 

1962    3.373 

1963    3.974 

1964    4.620 

1965    5.208 

1966    5.893 

1967    6.382 

1968    6.888 

1969    6.784 

1970    6,749 

1971    6.887 

1972    6.885 

1973    7.174 

1974    6.979 

1975    7.162 

1976    7.283 

1977    7.341 

1978'   7.760 

1979    8.315 


405 
500 
613 
760 
917 
1.073 
1.261 
1.409 
1,572 
1.600 

1.647 
1.724 
1.795 

I.  985 
2.032 
2.288 
2.512 
2.726 
3.059 
3,604 

4.104 
4.571 
4,768 
4.989 
5.430 
6.063 
6,710 
7.341 
8.191 
8,991 

9.636 
10,221 
10,800 

I I .  400 


1,552 
1.901 
2.287 
2.794 
3.322 
3.792 
4,333 
4.681 
5.038 
4.878 

4.760 
4.749 
4,699 
4.938 
4.693 
4.807 
4.906 
4.921 
5.133 
5.570 


Millions  of  current  dollars 


85 
95 

106 
118 
132 
143 
156 
164 
172 
197 

219 
255 
269 
295 
308 
332 
363 
374 
414 
476 

497 
545 
616 
625 
690 
752 
916 
1.024 
1.107 
1,235 

1.339 
1.481 
1,650 
1.850 


40 
40 
40 
41 
40 
41 
42 
48 
55 
60 

61 
70 
74 
84 
95 
113 
123 
139 
170 
194 

236 
292 
337 
389 
475 
560 
700 
790 
872 


1.134 
1.216 
1,350 
1,500 


Millions  of  constant  1987  dollars^ 


326 
361 
396 
434 
478 
505 
536 
545 
551 
601 

633 
702 
705 
733 
711 
697 
710 
675 
695 
736 


153 
152 
149 
151 
145 
145 
144 
159 
176 
183 

176 
193 
194 
209 
219 
237 
240 
251 
285 
300 


64 

70 

79 

89 
103 
124 
148 
181 
218 
223 

243 
274 
305 
318 
368 
417 
446 
514 
623 
738 

837 
1.004 
1.111 
1.302 
1.411 
1 .61  7 
1,868 
2.168 
2.355 
2,712 

3,017 
3.369 
3.750 
4,150 


245 
266 
295 
327 
373 
438 
509 
601 
699 
680 

702 
755 
798 
792 
850 
877 
870 
928 
1.045 
1.140 


52 

58 

66 

73 

83 

93 
108 
119 
132 
145 

165 
177 
187 
202 
219 
259 
235 
314 
359 
368 

403 
435 
491 
576 
614 
694 
734 
831 
941 
1,080 

1.218 
1.333 
1.500 
1.650 


199 
221 
246 
268 
301 
329 
371 
395 
423 
442 

477 
488 
490 
502 
506 
544 
557 
567 
602 
569 

(continued) 
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Appendix  table  5-2. 

Support  for  academic  R&D,  by  sector:  FYs  1960-93 

(page  2  of  2) 


Federal  State/local  Academic  All  other 

Total  Government  government  Industry  institutions  sources 

Millions  of  constant  1987  dollars^ 

1980    8.608  5.813  704  334  1.186  571 

1981    8.801  5.875  701  375  1.290  559 

1982    8.760  5.703  737  403  1,329  587 

1983    9,059  5.734  718  447  1.497  662 

1984    9.483  5.974  759  523  1.552  675 

1985    10.271  6.429  797  594  1.715  736 

1986    11.254  6.910  943  721  1.924  756 

1987    12,154  7,341  1.024  790  2.168  831 

1988    12.998  7.906  1.069  842  2.273  908 

1989    13,878  8,310  1,141  922  2.506  998 

1C90    14.502  8.550  1.188  1.006  2.677  1.081 

1991    15.086  8.751  1.268  1.041  2.884  1.141 

1992  (est.)'   15.862  8.993  1.374  1.124  3.122  1.249 

1993  (est.)^   16.707  P.268  1.504  1,220  3,374  1.341 

Percent 

1960    100.0  62.7  13.2  6.2  9.9  8.0 

1961   100.0  65.5  12.5  5.2  9.2  7.6 

1962    100.0  67.8  11.7  4.4  8.7  7.3 

1963    100.0  70.3  10.9  3.8  8.2  6.8 

1964    100.0  ^1.9  10.4  3.1  8.1  6.5 

1965    100.0  72.8  9.7  2.8  8.4  6.3 

1966    100.0  73.5  9.1  2.4  8.6  6.3 

1967    100.0  73.3  8.5  2.5  9.4  6.2 

1968    100.0  73.2  8.0  2.6  10.1  6.1 

1969    100.0  71.9  8.9  2.7  10.0  6.5 

1970    100.0  70.5  9.4  2.6  10.4  7.1 

1971    100.0  69.0  10.2  2.8  11.0  7.1 

1972    100.0  68.3  10.2  2.8  11.6  7.1 

1973    100.0  68.8  10.2  2.9  11.0  7.0 

1974    100.0  67.2  10.2  3.1  12.2  7.2 

1975    100.0  67.1  9.7  3.3  12.2  7.6 

1976    100.0  67.4  9.7  3.3  11.9  7.6 

1977    100.0  67.0  9.2  3.4  12.6  7.7 

1978"    100.0  66.1  9.0  3.7  13.5  7.8 

1979    100.0  67.0  8.8  3.6  13.7  6.8 

1980    100.0  67.5  8.2  3.9  13.8  6.6 

1081    100.0  66.8  8.0  4.3  14.7  6.4 

1982    100.0  65.1  8.4  4.6  15.2  6.7 

1983    100.0  63.3  7.9  4.9  16.5  7.3 

1984    100.0  63.0  8.0  5.5  16.4  7.1 

1985    100.0  62.6  7.8  5.8  16.7  7.2 

1986    100.0  61.4  8.4  6.4  17.1  6.7 

1987    100.0  60.4  8.4  6.5  17.8  6.8 

1988    100.0  60.8  8.2  6.5  17.5  7.0 

1989    100.0  59.9  8.2  6.6  18.1  7.2 

1990    100.0  59.0  8.2  6.9  18.5  7.5 

1991    100.0  58.0  8.4  6.9  19.1  7.6 

1992  (est.)'   100.0  56.7  8.7  7.1  19.7  7.9 

1993  (est.)'   100.0  55^  9^  7^  202  8.0 

■Relative  amounts  of  funds  from  state  and  local  governments  and  from  academic  institutions  are  estimated  from  previous  year  s  ratio 
See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES'  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering.  R&D  Expenditures  Fisca!  Year  1991. 

Detailed  Statistical  Tables.  NSF  93-308  (Washington.  DC.  NSF.  1993);  and  SRS.  annual  series. 
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Appendix  table  5-3. 

Sources  of  R&D  funds  at  private  and  public  institutions,  by  sector:  1981  and  1991 

Year  and  Federal  State/local  Academic  Other 

institution  type  Total  Government  government  Industry  institutions  sources 


1981 

Private   2,458  1.941 

Public   4,389  2,630 

1991 

Private   5.845  4,177 

Public   11.776  6.044 

1981 

Private   100.0  79.0 

Public   100.0  59.9 

1991 

Private   100.0  71.5 

Public   100.0  51.3 


Millions  of  dollars 


47  111  183  176 

499  180  821  259 

144  417  576  531 

1.339  799  2.792  802 

Percent 

1.9  4.5  7.4  7.1 

11.4  4.1  18.7  5.9 

2.5  7.1  9.9  9.1 

11.4  6.8  23.7  6.8 


SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering:  R&D  Expenditures:  Fiscal  Year  1991. 
Detailed  Statistical  Tables.  NSF  93-308  (Washington.  DC.  NSF.  1993):  and  SRS  annual  series. 
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Appendix  table  5-4. 

R&D  expenditures  at  the  top  100  academic  institutions,  by  source  of  funds:  1991 
(page  1  of  2) 


11  louiuilur  1 

r  tJUtJI  dl 

State  local 

Ar;^rlpmin 

All  Other 

Rank  and  academic  institution 

type 

1  oiai 

OUVci  I  llllcl  U 

government 

Industry 

in^^titi  itinn^ 
II 1 0 11 1  u  iivj  1 10 

Millions  of  dollars 

1  /  .  1 Ol 

y./y  1 

1 .483 

1 ,216 

1   University  of  Michigan-all  campuses  

Public 

364 

206 

3 

31 

94 

29 

2  University  Oi  Minnesota-al!  campuses  

Public 

331 

165 

54 

19 

61 

33 

3  University  of  Wisconsin-Madison  

Public 

326 

184 

57 

13 

47 

26 

4  f\/lassachusetts  Institute  of  Technology  

Private 

319 

238 

3 

46 

9 

23 

5  Stanford  University  

Private 

Jl  U 

OA  0 

1 

12 

0  / 

18 

6  Cornell  University-all  campuses  

Private 

310 

•1  -70 

41 

1  7 

00 

?T 
^0 

7  Texas  A  &  M  University-all  campuses  

Public 

288 

QQ 

yo 

78 

23 

7ft 
/  0 

1  \ 

8  University  of  Washington  

Public 

274 

OO-i 

6 

26 

1  P 
1  0 

4 

9  Johns  Hopkins  University'  

Private 

271 

0  ^  0 

1 

1 5 

1  Q 

1  y 

OA 

10  University  of  Caltfornia-San  Francisco  

Public 

269 

1  y  1 

13 

5 

1  Qon 

257 

207 

451 

218 

11    Pennsylvania  State  Univ.-all  campuses  .  .  .  . 

Public 

268 

146 

9 

38 

75 

• 

12  University  of  California-San  Diego   

Public 

261 

200 

8 

1 1 

23 

18 

1 3  University  of  California-Berkeley  

Public 

258 

140 

24 

12 

66 

16 

14  University  of  California-Los  Angeles  

Public 

250 

168 

5 

9 

36 

32 

15  Univ.  of  Illinois  at  Urbana-Champaign  

Public 

243 

1 1  y 

34 

24 

00 

Q 
0 

16  University  of  Texas-Austin  

Public 

237 

1  -1  0 

S 

6 

7R 
/  0 

34 

17  Harvard  University  

Private 

230 

1 56 

12 

1  Q 

A'X 

18   University  of  Ar.zona  

Public 

214 

•1  no 

6 

12 

7Q 

1  R 

19  University  of  f\/laryland-Coliege  Park  

rUDllC 

one 

7Q 

60 

1 2 

56 

0 

20   University  of  California-Davis  

Public 

201 

on 

12 

7 

00 

Total,  1st  20  institutions  

5.^31 

3,232 

424 

349 

1  nop 

21    University  of  Pennsylvania  

Private 

198 

144 

4 

7 

16 

27 

22  Ohio  State  University-all  campuses  

Public 

195 

89 

33 

1 5 

27 

32 

23  Columbia  University-main  campus  

Private 

195 

164 

3 

7 

5 

16 

24  Yale  University  

Private 

194 

150 

1 

9 

15 

20 

25  Georgia  Inst,  of  Technology-all  campuses  .  . 

r  UDIIC 

1  77 
1  /  / 

1  ni 

2 

22 

51 

0 

26  University  of  Southern  California  

Private 

1  yet 
1  /b 

100 

1  Oil 

6 

14 

23 

0 

27  Duke  University  

Private 

1  b4 

1  1  0 

2 

23 

1 3 

12 

28  University  of  Georgia  

Public 

A 

38 

6 

1 

29  University  of  Colorado-all  campuses  

Public 

1 62 

1  ly 

2 

8 

1 R 
1 0 

16 

30  Baylor  College  of  Medicine  

Private 

1  bl 

/  y 

4 

7 

21 

50 

/  .ii  1  0 

A  o-7n 

518 

467 

1  288 

572 

31   Washington  University  

Private 

160 

112 

4 

1  c 
1  b 

13 

15 

32  Louisiana  State  University-all  campuses   .  . 

Public 

151 

57 

cc 
Ob 

Q 

0 

23 

7 

33  Rutgers  State  Univ.  of  NJ-all  campuses  .  .  . 

Public 

151 

49 

25 

8 

61 

9 

34  Northwestern  University  

Private 

145 

63 

3 

7 

56 

17 

35  University  of  North  Carolina-Chapel  Hill.  .  . 

rUDIlC 

1 

1 

18 

4 

1 7 

0 

36  North  Carolina  State  University-Raleigh  .  .  . 

rUUIlU 

1  Ho 

47 

00 

0 1 

20 

5 

37  University  of  Florida  

rUiDllC 

^  Ad 
1  4U 

fi7 

12 

1 3 

42 

6 

38  Purdue  University-all  campuses  

rUOIlC 

1  Jb 

Do 

18 

^  0 

32 

7 

39   Iowa  State  University  

r  UDIIC 

1  oD 

A^ 

1 

49 

5 

40  Michigan  State  University   

Di  ih\l 

r  UDIIC 

1 0  J 

25 

5 

32 

10 

Total,  1st  40  Institutions.  

Q  ceo 

^  n/n 

7K1 

Obc) 

652 

41   University  of  Rochester  

Private 

13? 

107 

7 

7 

1 

10 

42  University  of  Pittsburgh-all  campuses  .... 

Public 

130 

100 

1 

7 

9 

13 

43  University  of  Tennessee  Central  Office  .  .  . 

Public 

128 

64 

25 

9 

24 

7 

44  Virginia  Polytechnic  Inst.  &  State  Univ.    .  . 

Public 

125 

48 

39 

12 

22 

4 

45  University  of  lOwa  

Public 

124 

81 

3 

8 

25 

7 

46  University  of  Massachusetts-all  campuses.  . 

Public 

120 

68 

7 

10 

29 

6 

47  University  of  Connecticut-all  campuses  .  .  . 

Public 

120 

46 

5 

53 

8 

48  University  of  Chicago  

Private 

117 

94 

2 

1 

10 

10 

49  California  Institute  of  Technology       .  .  . 

Private 

116 

101 

3 

7 

5 

50  SUNV  at  Buffalo-all  campuses      .  . 

Public 

113 

69 

4 

3 

21 

16 

Total,  1st  50  institutions                    ...  . 

9.878 

5.817 

854 

636 

1.834 

737 

(continued) 
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Appendix  table  5-4. 

R&D  expenditures  at  the  top  100  academic  institutions,  by  source  of  funds:  1991 

(page  2  of  2) 


Rank  and  academic  institution 


Institution 
type 


Total 


Federal 
Government 


51  University  01  Alabama  Biimingham 

52  New  Yoik  University  ... 

53  Univ  of  Texas  MD  Ai.derson  Cancer  Center 

54  Case  Western  Reserve  University  

55  Carnegie  Mellon  University  

56  Indiana  University  all  campuses  .  .   .  . 

57  University  ol  Miami  .  .   

58  Unive.'3ity  of  Missouri-Coiumbia        .  . 

59  University  ot  Virgima-atl  campuses 

60  Oiegon  State  University   

Total,  1st  60  institutions  


University  of  Utatn  .  .   

U  of  Texas  Southwestern  tvled  Ctr  Dallas 

Utah  State  University  

Pnncelon  University  .  . 

Emory  University  

SUNY  at  Stony  Brook-all  campuses 

University  ol  Illinois-Chicago  

U.  of  Maryland  Baltimore  Prof.  Schools 
University  of  Nebraska-L'ncoln     ...  . 
Yesliiva  University   


71 
72 
73 
74 
75 
76 


79 
80 


University  of  California-lrvine  ... 
University  of  Kentucky-all  campuses . 

Vanderbilt  University   

University  of  Cincinnati-ail  campuses 

Colorado  State  University   

University  of  Oklahoma-all  campuses  .  . 
New  Mexico  State  University  all  campuses 

University  of  Hawaii-Manoa  

Woods  Hole  Oceanographic  Institution  .  .  . 
Washington  State  University    .  . 


Total,  1st  80  institutions  .  . 

81  Boston  University  

82  Rockefeller  University   ... 

83  U.  of  Medicine  &  Dentistry  of  New  Jersey 

84  University  of  South  Florida 

85  Tulane  University  of  Louisiana    .  . 

86  Clemson  University  

87  Wayne  State  University  

88  Auburn  Unsversity-all  campuses    .  . 

89  Oklahoma  State  University-all  campuses. 

90  Univ.  of  Alaska  Fairbanks  all  campuses 
Total,  1st  90  institutions.       .  .. 

91  University  of  New  Mexico- all  campuses  . 

92  Mount  Smai  School  of  Medicine  .  ... 

93  University  of  Kansas  all  campuses  

94  Virginia  Conuiionwealth  University  . 

95  Mississippi  State  University  

96  Arizona  State  University  

97  Georgetown  University  

98  University  of  Califorma  Santa  Barbara  . 

99  University  of  California-Riverside 

IOC  Univ,  of  South  Carolina  all  campuse?.  .  . 
Total,  1sl  100  institutions.  .  .  . 


Stale  local 

government  Industry 
Millions  ot  dollars 


Academic 
institutions 


Al!  other 
sources 


Public 

113 

76 

3 

8 

1 1 

15 

Private 

112 

82 

1 

6 

9 

14 

Public 

109 

32 

0 

0 

56 

21 

Private 

104 

76 

3 

5 

9 

11 

Private 

103 

65 

6 

20 

2 

9 

Public 

102 

62 

1 

2 

27 

10 

Private 

97 

70 

2 

7 

4 

14 

Public 

97 

27 

13 

10 

42 

5 

Public 

97 

61 

7 

8 

10 

11 

Public 

96 

51 

24 

4 

8 

9 

10.909 

6  420 

914 

705 

2.013 

857 

Pubhc 

95 

69 

3 

3 

16 

4 

Public 

95 

58 

9 

6 

21 

Public 

94 

62 

13 

2 

15 

2 

Private 

92 

52 

2 

5 

25 

9 

Private 

92 

61 

3 

7 

14 

7 

Public 

91 

59 

2 

3 

21 

6 

Public 

91 

43 

4 

5 

29 

10 

Public 

90 

44 

16 

12 

1 1 

7 

Public 

88 

27 

33 

3 

22 

2 

Private 

87 

68 

0 

2 

11 

6 

1 1 .822 

6.963 

990 

755 

2.182 

932 

Public 

83 

53 

3 

4 

13 

9 

Public 

81 

32 

6 

7 

31 

5 

Private 

81 

71 

* 

2 

3 

5 

Pubhc 

81 

47 

3 

4 

18 

8 

Public 

80 

56 

10 

3 

8 

4 

Public 

80 

26 

8 

4 

30 

12 

Public 

79 

58 

9 

5 

7 

1 

Public 

78 

45 

27 

1 

3 

2 

Private 

77 

67 

1 

1 

2 

6 

Public 

75 

32 

5 

2 

28 

8 

12.616 

7.449 

1.062 

789 

2.325 

992 

Private 

75 

60 

• 

6 

0 

8 

Private 

74 

37 

• 

5 

16 

16 

Public 

73 

39 

3 

3 

16 

6 

Public 

73 

24 

5 

6 

32 

6 

Private 

72 

37 

2 

7 

20 

7 

Public 

70 

17 

15 

6 

29 

3 

Public 

70 

31 

6 

7 

21 

6 

Public 

70 

15 

22 

6 

21 

5 

Public- 

67 

16 

5 

2 

43 

1 

Public 

67 

34 

2 

2 

28 

1 

13.328 

7  757 

1.127 

840 

2.552 

1.051 

Public 

67 

30 

5 

5 

17 

11 

Private 

66 

42 

1 

4 

7 

12 

Pubhc 

66 

26 

2 

4 

31 

2 

Public 

66 

45 

2 

6 

10 

2 

Public 

5-^ 

26 

21 

7 

7 

4 

Public 

63 

26 

1 

7 

28 

1 

Private 

60 

42 

5 

9 

5 

Public 

60 

47 

1 

2 

6 

4 

Public 

57 

16 

3 

1 

34 

3 

Public 

55 

23 

2 

8 

21 

2 

13.954 

8  080 

1  165 

889 

2.722 

1.097 

*    less  Ihcin  $1  million 

The^L'  fiqurec  exclude  llu^  Apphed  Physics  Lubofdioiy  lAPL^  at  Johns  Hopkins  University,  which  i;-  simiKir  to  i\  federally  funded  research  and  development  cenler  and 
dominates  the  R&D  performed  at  the  university  In  1991  APL  had  total  RAD  expenditures    $439  n^ilion  o<  which  ?430  million  was  provided  by  federal  sources 

SOURCES  Science  Rp'^.ources  Studif»3  Divi.«^ion  iSRS)  National  Sciencn  Foundation  AccidHmic  ^ctencf  ,\nci  Engtnvenng  RScD  Exprnditures  Fisc<ii  Yfhir  1991 
HtMciiled  Stahstical  Tables  NSF  03  308  iVVa-^.hinciion  DC  NSF  1993)  and  SRS  unpublished  tabulations 
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Appendix  table  5-6. 

Federal  and  nonfederal  R&D  expenditures  at  academic  institutions,  by  field  and  source  of  funds:  1991 


Field 

Total 

Federal 

Nonfederal' 

Federal 

Nonfederal 

Thousands 
of  dollars 

Percent 

Thousands 

of  dollars 

Percent 

1 7  620  209 

100.0 

10.220.506 

7,399.703 

58.0 

42.0 

Total  sciences 

14  727  459 

83.6 

8.589.561 

6.137.898 

58.3 

41.7 

Phv^iral  ^ripnrp^ 

1  936  857 

11.0 

1.378,592 

558.265 

71.2 

28.8 

Astronomv 

210  148 

1.2 

135,362 

74,786 

64.4 

35.6 

nhpmi^trv 

669  998 

3.8 

449.644 

220,354 

67.1 

32.9 

Phv/cipe 

883  038 

5.0 

677,582 

205.456 

76.7 

23.3 

nthor 

1  73  673 

1 .0 

116.004 

57,669 

66.8 

33.2 

K^athpmatir'al  qpipoppq 

229  495 

1.3 

169.147 

60,348 

73.7 

26.3 

r^nmniitpr  Qripnrpc 

544  464 

3.1 

366,009 

178,455 

67.2 

32.8 

Pnv/irnnmpntal  QPiPnppQ 

1  1  19  905 

6.4 

704.409 

415.496 

62.9 

37.1 

Atmr4Cr>horip  cpionpoc 

1 76  447 

1 .0 

132,217 

44,230 

74.9 

25.1 

2.2 

215,982 

164.052 

56.8 

43.2 

OcGsnography 

396  403 

2.2 

267.903 

128.500 

67.6 

32.4 

Other 

1 67  021 

0.9 

88,307 

78.714 

52.9 

47.1 

i  ifp  QPlPHi'^PQ 

9  492  902 

53.9 

5.402.408 

4.090,494 

56.9 

43.1 

An riPl ilti  irsi  qpIphpciq 

1  463  848 

8.3 

379,108 

1.084.740 

74  1 

BioiOQical  sciences 

3  056  719 

17.3 

1,950,905 

1.105.814 

63.8 

36.2 

4  S69  0S4 

25.9 

2,830,739 

1 ,738,315 

62.0 

38.0 

Other  

403.281 

2.3 

241.656 

161.625 

59.9 

40.1 

Psychology  

293.440 

1.7 

194,267 

99.173 

66.2 

33.8 

?>rin?»l  scipncps 

745  988 

4.2 

247,188 

498.800 

33.1 

66.9 

Prrinri  mir'c 

210.296 

1 .2 

58,800 

151,496 

28.0 

72.0 

121  465 

0.7 

28,800 

92.665 

23.7 

76.3 

1  R7  fiOfi 

0.9 

71 ,615 

86.191 

45.4 

o4.b 

Other 

256  421 

1 .5 

87,973 

168.448 

34.3 

65.7 

'5fi4  Ana 

2.1 

127,541 

236,867 

35.0 

65.0 

Engineering  

2.892.750 

16.4 

1.630,945 

1.261,805 

56.4 

43.6 

Aeronautical/astronautical  

174.321 

1.0 

131.708 

42,613 

75.6 

24.4 

Chemical  

238.553 

1.4 

114,310 

124,243 

47.9 

52.1 

Civil  

315.134 

1.8 

122,874 

192.260 

39.0 

61. C 

Electrical 'electronic  

  682,213 

3.9 

437.494 

244,719 

64,1 

35.9 

Mechanical  

415.071 

2.4 

243,182 

171.889 

58.6 

41.4 

Other  

  1.067,458 

6.1 

581.377 

486.081 

54.5 

45.5 

^See  appendix  table  5-2  lor  detail  on  nonfederal  sources. 

SOURCES  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering:  R&D  Expenditures:  Fiscal  Year  1991. 
Detailed  Statistical  Tables.  NSF  93-308  (Washington.  DC;  NSF.  1993).  and  SRS.  unpublished  tabulations. 
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Appendix  table  5-7. 

Expenditures  for  academic  R&D,  by  field:  1981-91 

(page  1  of  2) 


Field 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

fv^illi<^nc 

IVI  MMVJ  1  1 C 

nf  rtirrpnt 

dollars 

Total  S&E  

6,847 

7.323 

7,881 

8.620 

y,bob 

1  K),z)dO 

1  il,  1  04 

1  0.4DD 

1 R  ni  R 

1 0.U  1  0 

1  D,0't*t 

1 7.620 

Total  sciences  

5,880 

b./by 

/  .OOO 

1  n  9R1 

1 1 ,369 

1 2  61 7 

13,682 

14.727 

Physical  sciences  

766 

824 

901 

1  ,UU1 

1 , 1 4y 

1  0P7 
1  ,do  f 

1  ,oy  1 

1  RAR 
1  ,v3h-D 

1  iDOO 

1 ,796 

1 ,937 

Astronomy  

Of 

/  O 

1  00 

108 

127 

137 

170 

210 

Chemistry  

285 

308 

335 

Of  d 

Hd\ 

4/ u 

014 

ODD 

RHP 
DUO 

670 

Physics  

obo 

OD/ 

4  10 

A1  A. 
4/4 

DD  1 

\jO  i 

fifi? 

DD  / 

775 

832 

883 

Other   

56 

75 

74 

74 

80 

o  c 

ob 

1  Uo 

1  00 

1  1  Q 

1  1  y 

"  *+o 

174 

Mathematical  sciences .... 

87 

96 

106 

123 

128 

■<  CO 
1  Dd 

1  77 

1  QQ 

1 

01 A 

^  D 

OOQ 

Computer  sciences  

144 

1 64 

1  ob 

dd"t 

do\ 

0<1  1 

Ofd 

H-uy 

A70 

5i  1 

544 

Environmental  sciences  .  .  . 

550 

558 

61 7 

b4b 

/Ub 

77C^ 

OOO 

QQQ 

ocjy 

1  noQ 

1  120 

Atmospheric  sciences  .  .  . 

87 

86 

98 

102 

108 

^  on 
1  d\J 

1  ilO 

1  '5A 
1  04 

1  R7 
1  d/ 

1  7^ 

176 

Earth  sciences  

190 

195 

216 

228 

OC  A 

<^b4 

0~7  A 
df"t 

OQ/1 
«104 

OQA 

<iy4 

OdO 

OOS- 

oou 

Oceanography  

192 

i9o 

do  f 

doo 

do\j 

ouu 

000 

ODU 

000 

396 

Other   

81 

78 

79 

79 

8b 

1  U  1 

1  <i<i 

1  OQ 
1  ilO 

1 00 

1  f^O 

1  fi7 

1  D  / 

Life  sciences  

3.695 

4.013 

4,303 

4./ 1  1 

0,dfO 

o,oyu 

D,0^  / 

7  ORR 

fl  n7Q 

0,D  /  C? 

8.762 

9.493 

Agricultural  sciences  .... 

790 

864 

921 

954 

yyy 

1  ,uoy 

1  .  1  <i  1 

1  1  7R 
1  ,  I  /  D 

1  ,^OD 

1  .OUD 

1 ,464 

Biological  sciences  

1 .1 89 

1  .d.OO 

1 .41  y 

\  ,Df  0 

1  7fln 

1  ,  /  tJU 

2  142 

2  397 

2.638 

2.855 

3,057 

Medical  sciences  

1 .605 

1 .739 

1 ,830 

2.034 

2.318 

<i.b  1  b 

o.UUU 

0,0  /  0 

'\  QOQ 

A  IflO 
1  Ot 

A  RfiQ 

H^.ODi? 

Other   

111 

123 

132 

150 

181 

240 

264 

304 

327 

370 

403 

Psychology  

127 

131 

136 

145 

158 

170 

188 

213 

237 

258 

293 

Social  sciences  

367 

354 

o4b 

oby 

OOo 

4Do 

637 

702 

746 

Economics  

99 

95 

98 

109 

118 

1  Ob 

1  cn 
1 OU 

1  DO 

1  QQ  ■ 
1  00 

ono 

21 0 

Political  science  

55 

60 

55 

56 

by 

by 

0 1 
0 1 

Q7 
0/ 

1  C\A 
1 

1  1  0 

1 21 

Sociology  

95 

80 

78 

71 

76 

y  / 

Q7 

y  / 

1 1  n 
1  1  u 

1  00 
1  dd 

1 

1 SR 
1 

Other  

117 

118 

1 14 

123 

loU 

1  b  1 

1  7C^ 
1  /O 

1  QO 

1  y<i 

ddO 

256 

Other  sciences  

145 

156 

165 

180 

186 

228 

ilby 

OU4 

00  1 

ODU 

'^fi4 

Engineering  

967 

1.028 

1.122 

1.232 

1.418 

1.641 

1,892 

2,097 

2,399 

2,663 

2,893 

Aeronautical  astronautical  . 

54 

62 

68 

70 

81 

94 

108 

123 

145 

159 

174 

Chemical  

86 

89 

96 

102 

116 

132 

148 

163 

194 

215 

239 

Civil  

109 

116 

127 

140 

153 

178 

191 

225 

247 

285 

315 

Electrical/electronic  

193 

218 

262 

295 

337 

395 

451 

510 

600 

668 

682 

Mechanical  

141 

143 

149 

179 

208 

228 

275 

304 

344 

393 

415 

Other   

384 

399 

420 

447 

523 

613 

719 

773 

869 

943 

1.067 

(continued) 
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Appendix  table  5-7. 

Expenditures  for  academic  R&D,  by  field:  1981-91 

(page  2  of  2) 


Field 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Millions  of  constant  1987  dollars^ 

-  -  — 

— 



Total  S&E  

8,800 

8.760 

9.059 

9.483 

10,272 

11,254 

12,154 

12,998 

13,878 

14,502 

15,086 

Total  sciences  

7,557 

7,530 

7,769 

8,127 

8,768 

9,564 

10,261 

1 0,974 

1 1 ,661 

1 2,1 40 

1 2,609 

Physical  sciences  

985 

986 

1,035 

1,101 

1,218 

1,326 

1,391 

1 ,492 

1 ,514 

1,594 

1 ,658 

Astronomy  

86 

87 

84 

89 

102 

105 

108 

1 22 

126 

1  bO 

loU 

Chemistry  

366 

369 

385 

409 

447 

484 

514 

546 

562 

577 

574 

Physics  

460 

439 

480 

521 

585 

650 

667 

/Ub 

/lb 

"700 

/Ob 

Other   

72 

90 

85 

82 

85 

87 

103 

118 

110 

129 

149 

Mathematical  sciences .... 

112 

115 

122 

135 

136 

156 

177 

192 

197 

196 

196 

Computer  sciences  

185 

196 

214 

247 

298 

331 

372 

394 

436 

452 

466 

Environmental  sciences  .  .  . 

707 

668 

709 

710 

747 

798 

835 

858 

933 

952 

959 

Atmospheric  sciences  .  .  . 

112 

103 

113 

112 

114 

124 

128 

129 

154 

154 

151 

Earth  sciences  

244 

233 

248 

250 

269 

283 

284 

284 

298 

314 

325 

Oceanography  

247 

237 

257 

260 

274 

288 

300 

322 

338 

340 

ooo 

Other  

104 

94 

90 

87 

91 

104 

122 

123 

143 

144 

143 

Life  sciences  

,  4,749 

4,800 

4,946 

5,183 

5,597 

6,066 

6,527 

7,004 

7,467 

7,775 

8,127 

Agricultural  sciences  .... 

.  1,015 

1,034 

1,059 

1,050 

1 ,060 

1 ,1 22 

1 ,1 21 

1 ,135 

1 ,189 

1 ,204 

1 ,253 

Biological  sciences  

1 ,528 

1 ,539 

1 ,631 

1 ,730 

1,887 

2,003 

2,142 

2,31 4 

2,438 

o  coo 

O  Rl  7 

ds>  \  / 

Medical  sciences  

2,063 

2,080 

2,104 

2,237 

2,459 

2,694 

3,000 

3,260 

3,538 

3,71 0 

3,91 2 

Other   

142 

147 

152 

166 

192 

247 

264 

294 

303 

328 

345 

Psychology  

163 

156 

156 

160 

168 

175 

188 

206 

219 

229 

251 

Social  sciences  

471 

423 

397 

395 

407 

477 

503 

533 

589 

623 

coo 

boy 

Economics  

127 

114 

113 

119 

125 

140 

150 

158 

174 

1 79 

180 

Political  science  

71 

72 

63 

62 

63 

71 

81 

84 

96 

99 

104 

Sociology  

122 

96 

90 

78 

oU 

1  uu 

Q7 

106 

113 

119 

135 

Other   

150 

141 

131 

136 

138 

166 

175 

186 

206 

225 

220 

Other  bCiences  

186 

186 

189 

197 

198 

235 

269 

294 

306 

320 

3 12 

Engineering  

1.243 

1,230 

1,290 

1,355 

1,504 

1,690 

1,892 

2,024 

2,217 

2,363 

2.477 

Aeronautical/astronautical  . 

70 

75 

79 

77 

85 

97 

108 

119 

134 

141 

149 

Chemical  

110 

107 

110 

112 

123 

136 

148 

157 

179 

191 

204 

Civil  

140 

139 

145 

154 

162 

183 

191 

217 

228 

253 

270 

Electrical/electronic  

248 

261 

301 

325 

358 

407 

451 

492 

555 

592 

584 

Mechanical  

181 

171 

172 

197 

220 

235 

275 

293 

318 

348 

355 

Other  

494 

478 

483 

492 

554 

632 

719 

746 

803 

837 

914 

S&E  =  science  and  engineering. 

'See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering-  R&D  Expenditures:  Fiscal  Year  1991. 
Detailed  Statistical  Tables.  NSF  93-308  (Washington.  DC:  NSF,  1993);  and  SRS.  unpublished  tabulations. 
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Appendix  A,  Appendix  Tables 


Appendix  table  5-9, 

Federal  obligations  for  academic  R&D,  by  agency:  1971-93 
(page  1  of  2) 


All 

agencies 


National 
Institutes 
of  Health 


National 
Science 
Foundation 


Department 
of  Defense 


National 
Aeronautics  & 
Space  Admin. 


Department 
of  Energy^ 


Department 
of  Agriculture 


All 
other 
agencies 


Millions  of  current  dollars 


1971    1.645 

1972   1.904 

1973   1.917 

1974   2.214 

1975   2.411 

1976    2.552 

1977   2.905 

1978   3.375 

1979   3.889 

1980   4.263 

1981    4.466 

1982   4.605 

1983   4.966 

1984   5.547 

1985    6.340 

1986    6,559 

1987   7.337 

1988   7.828 

1 989   8.672 

1990   9.142 

1991   10,169 

1992  (est.).  .  .   ■  11.298 

1993  test).   ...  11.764 

1971    4.531 

1972   4,983 

1973   4.768 

1974   5.113 

1975   5.066 

1976   4.984 

1977   5.245 

1978   5.662 

1979   6.011 

1980   6.039 

1981    5.740 

1982   5.509 

1 983   5.709 

1984   6.102 

1985   6.723 

1986   6.755 

1987   7.337 

1988   7.556 

1989   8.015 

1990   8.112 

1991    8.706 

1992  (est.)   9.407 

1993  (est.).  .  .   .  9.564 


603 
756 
761 
1.027 
1.077 
1.185 
1.311 
1.493 
1.765 

1.888 
1.984 

2.026 
2.264 
2.560 
2.974 
3.044 
3.638 
3.886 
4.157 

4.305 
4.662 
4.922 
5.181 


1.662 
1.979 
1,893 
2.372 
2.262 
2.314 
2.367 
2.505 
2.728 

2.674 
2.551 
2.423 
2,602 
2,816 
3.154 
3.135 
3.638 
3.751 
3.842 

3.820 
3.992 
4.098 
4.212 


267 
362 
374 
389 
435 
437 
511 
537 
617 


685 
702 
715 
783 
880 
1.002 
992 
1.096 
1,143 
1.254 

1,321 
1.436 
1.574 
1,838 

734 
949 
932 
899 
914 
853 
922 
901 
953 

970 
902 
855 
900 
968 
1.062 
1.021 
1.096 
1.104 
1.159 

1.172 
1.229 
1.311 
1.494 


211 
217 
204 
197 
203 
240 
273 
383 
438 

495 
573 
664 
724 
830 
940 
1.098 
1.017 
1.071 
1,189 

1.213 
1.152 
1.599 
1.558 


134 
119 
111 
99 
108 
119 
118 
127 
139 

158 
171 
186 
189 
204 
237 
254 
294 
338 
434 

471 
534 
632 

675 


Millions  of  constant  1987  doliars' 


581 
567 
507 
456 
427 
470 
493 
643 
677 

702 
736 
794 
832 
913 
997 
1.131 
1,017 
1.034 
1.099 

1.076 
986 
1.331 
1.267 


369 
312 
277 
228 
227 
232 
212 
213 
214 

223 
220 
222 
218 
224 
252 
262 
294 
326 
401 

418 
457 
526 
549 


94 
85 
83 
94 
132 
145 
188 
240 
260 

285 
300 
277 
297 
321 
357 
345 
386 
406 
454 

500 
621 
640 

576 

259 
221 
206 
217 
277 
283 
340 
403 
402 

404 

386 
331 
341 
353 
379 
355 
386 
392 
419 

444 
531 
533 
468 


72 
87 
94 
95 
108 
120 
140 
186 
200 

216 
243 
255 
275 
261 
293 
274 
280 
305 
328 

348 
336 
424 
416 


198 
229 
234 
219 
227 
234 
253 
313 
309 

307 
312 
305 
316 
287 
311 
282 
280 
294 
303 

309 
330 
353 
338 


264 
277 
289 
312 
348 
307 
364 
408 
470 

■536 
492 
483 
434 
491 
536 
553 
626 
678 
858 

984 
1.379 
1.507 
1,519 


727 
726 
719 
722 
732 
599 
657 
684 
727 

759 
632 
578 
499 
540 
568 
570 
626 
655 
793 

873 
1,180 
1.255 
1,235 

(continued) 
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Appendix  table  5-9. 

Federal  obligations  for  academic  R&D,  by  agency: 
(page  2  of  2) 


1971-93 


AH 

agencies 


1971 . 
1972. 
1973. 
1974. 
1975. 
1976. 


1979. 

1980. 
1981  . 
1982. 
1983. 


1986. 
1987. 
1988. 


1990. 
1991  . 


National 
Institutes 
of  Health 


National 
Science 
Foundation 


Department 
of  Defense 


National 
Aeronautics  & 
Space  Admin. 


Department 
of  Energy' 


Department 
of  Agriculture 


Percent 


All 
other 
agencies 


100.0 

36.7 

16.2 

12.8 

8.2 

5.7 

4.4 

16.0 

100.0 

39.7 

19.0 

11.4 

6.3 

4.4 

4.6 

14.6 

100.0 

39.7 

19.5 

10.6 

5.8 

4.3 

4.9 

15.1 

100.0 

46.4 

17.6 

8.9 

4.5 

4.2 

4.3 

14.1 

100.0 

44.6 

18.0 

8.4 

4.5 

5.5 

4.5 

14.4 

100.0 

46.4 

17.1 

9.4 

4.7 

5.7 

4.7 

12.0 

100.0 

45.1 

17.6 

9.4 

4.0 

6.5 

4.8 

12.5 

100.0 

44.2 

1  b.y 

I  1  .4 

^  ft 

7.1 

5.5 

12.1 

100.0 

45.4 

15.9 

11.3 

3.6 

6.7 

5.1 

12.1 

100.0 

44.3 

16.1 

11.6 

3.7 

6.7 

5.1 

12.6 

100.0 

44.4 

15.7 

12.8 

3.8 

6.7 

5.4 

11.0 

100.0 

44.0 

15.5 

14.4 

4.0 

6.0 

5.5 

10.5 

100.0 

45.6 

15.8 

14.6 

3.8 

6.0 

5.5 

8.7 

100.0 

46.2 

15.9 

15.0 

3.7 

5.8 

4.7 

8.8 

100.0 

46.9 

15.8 

14.8 

3.7 

5.6 

4.6 

8.5 

100.0 

46.4 

15.1 

16.7 

3.9 

5.3 

4.2 

8.4.0 

100.0 

49.6 

14.9 

13.9 

4.0 

5.3 

3.8 

8.5 

100.0 

49.6 

14.6 

13.7 

4.3 

5.2 

3.9 

8.7 

100.0 

47.9 

14.5 

13.7 

5.0 

5.2 

3.8 

9.9 

100.0 

47.1 

14.4 

13.3 

5.2 

5.5 

3.8 

10.8 

100.0 

45.9 

14.1 

11.3 

5.2 

6.1 

3.8 

13.6 

100.0 

43.6 

13.9 

14.1 

5.6 

5.7 

3.8 

13.3 

100.0 

44.0 

15.6 

13.2 

5.7 

4.9 

3.5 

12.9 

NOTE-  Percentages  may  not  total  100  because  of  rounding. 

•Data  for  1971-73  are  for  the  Atomic  Energy  Commission:  for  1974-75.  the  Energy  Research  and  Development  Admin;stration:  and  for  1977-93.  the  Department  of 
Energy. 

'^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Federal  Funds  for  Research  and  Development.  Fiscai  Years  1991.  1992.  and 
T 993  (Washington.  DC:  NSF.  1993);  and  SRS.  annual  series. 
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Appendix  A:  Appendix  Tables 


Appendix  table  5-10. 

Number  of  academic  Institutions  receiving  federal  R&D  support,  by  field:  1971, 1981,  and  1991 


Research  &  doctoral  All  other 

All  Carnegie  institutions'  institutions  Carnegie  institutions 


Field 

1971 

1981 

1991 

1971 

1981 

1991 

1971 

1981 

1991 

Total  science  &  engineerinQ  ■  . 

bbo 

618 

759 

207 

203 

204 

358 

415 

555 

Physical  sciences  

279 

322 

414 

178 

181 

189 

101 

141 

225 

Mathematical  sciences  

159 

180 

282 

140 

144 

164 

19 

36 

118 

Computer  sciences^  

NA 

117 

240 

NA 

102 

181 

NA 

15 

59 

Environmental  sciences  

192 

246 

319 

137 

152 

174 

55 

94 

145 

Life  sciences  

378 

454 

514 

191 

192 

195 

187 

262 

319 

Psychology  

304 

222 

231 

171 

148 

153 

133 

74 

78 

Social  science  

330 

322 

301 

172 

166 

161 

158 

156 

140 

Engineering  

232 

256 

313 

154 

169 

180 

•  78 

87 

133 

NA  =  not  available 

NOTES:  Since  1989.  the  Department  of  Defense  (DOD)  no  longer  provides  detailed  R&D  funding  information  by  science  field.  Therefore  1 991  data  cited  here  do  not 
reflect  those  institutions  that  received  federal  R&D  funding  in  a  particular  field  only  from  DOD.  Details  do  not  add  to  totals  because  institutions  may  receive  grants  m 
more  than  one  f»eld. 

'See  chapter  2.  'Classification  of  Academic  Institutions."  for  information  on  the  institutional  categories  used  by  the  Carnegie  Foundation  for  the  Advancement  of 
Teaching. 

-^Data  on  computer  sciences  were  not  separately  reported  m  1971. 

SOURCES-  Science  Resources  Studies  Division  tSRS).  National  Science  Foundation.  Federal  Support  to  Universities  Colleges  and  Nonprofit  institutions  Fiscal 
Year  1990,  Detailed  Statistical  Tables.  NSF  92-324  (Washington.  DC:  NSF.  1992);  and  SRS  unpublished  tabulations. 

See  figure  5-5  Science  &  Engineering  indicators  -  t993 


Appendix  table  5-11 . 

Cost  of  new  academic  R&D  construction,  by  field:  1986-93 


Total  cost' 

Cost  per  square  foot 

1986-87 

1986-89 

1990-91 

1992-93 

1 986-87 

1988-89 

1990-91 

1992-93 

Field 

actual 

actual 

actual 

planned 

actual 

actual 

actual 

planned 

Millions  of  dollars 

Dollars 

Total,  all  fields  

2.051 

2.464 

2.976 

3.214 

207 

231 

260 

259 

Physical  sciences  

182 

401 

430 

282 

228 

201 

267 

392 

Mathematical  sciences  

2 

8 

12 

4 

222 

320 

261 

154 

Computer  sciences  

61 

65 

40 

120 

257 

227 

137 

268 

Environmental  sciences  

57 

82 

170 

110 

150 

253 

321 

139 

Agricultural  sciences  

150 

152 

175 

199 

99 

133 

183 

169 

Biological  sciences  

463 

577 

832 

780 

271 

255 

297 

277 

Medical  sciences  

505 

647 

807 

996 

259 

287 

273 

260 

Psychology  

23 

?5 

f 

60 

174 

217 

32/ 

Social  sciences  

.    .  38 

48 

1  36 

115 

188 

146 

1  220 

276 

Other  sciences  

139 

70 

79 

87 

231 

167 

208 

279 

Engineering  

430 

388 

395 

471 

180 

260 

233 

273 

NOTES  Data  for  2  years  are  combmed—e.g..  1988-89  refers  to  2  fiscal  years.  In  the  1990-91  period,  data  were  not  differentiated  between  psychology  and  the  social 
sciences. 

'Proiectcost  estimates  are  prorated  to  refleci  R&D  component  only. 

SOURCE'  Science  Resources  Studies  Division.  National  Science  Foundation.  Scientific  and  Enginconna  Rescmch  Fjcii.tics  ot  Umvorsiitoc;  anJ  CoHogoi^  1992.  NSF 
92-325  (Washington.  DC  NSF.  1993) 
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Appendix  table  5-16. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnicity,  and  sex: 
1979,  1981,1989,  and  1991 

(page  1  of  3) 


Field  and  race/ethnicity 


1979 


Total  employment 
1981  1989 


1991 


Total  with  responsibility  for  R&D 
1979  1981  1989  1991 


Total 


Total  science  &  engineering 

White  

Asian  

Black   

Hispanic  

Native  American  


127.249 
4.604 
1.263 
1.453 
243 


136.984 
6.340 
1.689 
1.596 
217 


162.105 
9.768 
2.579 
2.453 
355 


153.493 
15.132 
4.223 
3.838 
348 


82.595 
3.630 
707 
931 
176 


87.526 
4.977 
717 
1.049 
156 


122.792 
8.572 
1.543 
2.030 
242 


114.882 
13.105 
2,770 
3.038 
248 


Physical  sciences 

White  

Asian  

Black   

Hispanic  

Native  American . 
Mathematics 

White  

Asian  

Black   

Hispanic  

Native  American  

Computer  sciences 

White  

Asian  

Black   

Hispanic  

Native  American  

Environmental  sciences 

White  

Asian  

Black  

Hispanic.  .  . 

Native  American  

Life  sciences 

White  

Asian  

Black  

Hispanic  

Native  American  .  .  .  . 
Psychology 

White  

Asian  

Black  

Hispanic  .  . 

Native  American 
Social  sciences 

White  

Asian  

Black   

Hispanic 

Native  American .  .  . 
Engineering 

White  

Asian  .  . 

Black  

Hispanic  . 

Native  Amencan    .  . 


1.664 
834 
122 
220 


1.665 
325 
108 
105 


.837 
106 


4.666 


14 


.791 
.610 
477 
473 


631 
133 
219 
99 


24 


11 


,476 
609 
307 
215 
96 

.519 
951 

273 


19.218 
1.101 
146 
275 


9.456 
617 
131 
142 


2.3b2 
124 


5.321 
79 


58 


45.177 
2.463 
571 
565 
56 

15.034 
225 
318 
159 


26.600 
787 
447 
204 
68 

12.826 
944 
63 
168 


20.146 
1.212 
251 
302 
78 

10.117 
795 
121 
112 


4.390 
290 


96 


6.018 
223 

128 


56.792 
3.598 
797 
898 
79 

18.589 
317 
519 
311 


30.297 
1.247 
788 
393 
132 

15.756 
2.086 
72 
213 


18.593 
2.205 
381 
513 


10.531 
1.257 
155 
372 


4.999 
863 
57 
62 


6.171 
235 

184 


54.151 
5.056 
1.310 
1.072 
93 

16.390 
390 
726 
321 


27.639 
1.862 
1.360 
811 
129 

15.019 
3.264 
227 
503 


12.430 
598 
90 
157 


5.481 
252 
51 
71 


1.193 
96 


3.569 


30.861 
1,444 
315 
396 


7.322 
54 
86 
65 


13.207 
247 
157 
123 
59 

8.532 
906 

84 


12.690 
790 

200 


5.448 
372 
52 
85 


1.461 
112 


4.029 
54 


33.624 
2.193 
322 
436 


8.142 
160 
99 
81 


14.345 
515 
169 
114 


7.787 
781 

93 


15.447 
987 
194 
247 


7.141 

607 
69 
86 


2.951 
199 


91 


5.368 
204 

110 


46.278 
3.195 
566 
810 
67 

10.867 
217 
216 
172 


22.365 
1.124 
444 
331 
81 

12.375 
2.039 

183 


13.779 
1.894 
196 
348 


7.286 
1.051 
104 
287 


3.353 
733 
50 


5.422 
215 

162 


43.770 
4.559 
989 
932 
71 

9.816 
268 
380 
163 


19.340 
1.546 
859 
675 
97 

12.116 
2.839 
185 
425 
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Appendix  table  5-16. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnlclty,  and  sex: 
1979,1981,1989,  and  1991 

(page  2  of  3) 


Total  employment 

Total  with  responsibility  for  R&D 

Field  and  race/etlinicity 

1979 

1981 

1989 

1991 

1979 

1981 

1989 

1991 

Men 

Total  science  &  engineering 

White  

111.819 

119.131 

132.728 

122,741 

73.583 

76.633 

101,602 

93.316 

Asian  

4,036 

5,494 

8.217 

12,634 

3,242 

4,342 

7,256 

11.100 

Black  

912 

1,189 

1,665 

2.846 

533 

472 

1.013 

1.834 

Hispanic  

1.273 

1.384 

1,844 

3,025 

812 

913 

1 ,567 

2,422 

Native  American  

225 

201 

298 

268 

159 

141 

191 

202 

Physical  sciences 

12.803 

White  

17,493 

17.871 

18,360 

16.990 

11.790 

1 1,898 

14.196 

Asian  

723 

974 

1.032 

1.860 

530 

706 

853 

1.651 

Black  

112 

135 

227 

331 

1  /d 

1  c;fl 

1  oo 

205 

256 

258 

455 

150 

195 

213 

306 

Native  American  

78 

Mathematics 

White  

9.003 

8.725 

9.177 

9,565 

5,165 

5.087 

6,628 

6.648 

Asian  

267 

559 

680 

1,065 

219 

347 

522 

916 

Black   

99 

116 

99 

1 24 

an 
bU 

en 
bU 

c;fl 

oo 

Hispanic  

102 

134 

1 03 

335 

70 

81 

/  y 

OCA 

Native  American  

Computer  sciences 

White  

1.737 

2.197 

3.978 

4.427 

1.131 

1.372 

2,641 

2.953 

Asian  

101 

117 

270 

755 

91 

108 

181 

676 

Black  

Hispanic  

89 

62 

on 

Native  American  

Environmental  sciences 

White  

4.421 

5.024 

5.412 

5,488 

3.398 

3.804 

4.823 

4.812 

Asian  

75 

199 

206 

50 

180 

186 

Black  

* 

Hispanic  

51 

1 18 

1 77 

1  Uo 

^  ca 

1  OO 

Native  American  

Life  sciences 

White  

35,395 

37.915 

43.689 

39.945 

26.342 

28.305 

35.970 

33,041 

Asian  

1.345 

2.001 

2.729 

3.740 

1,240 

1,790 

2,398 

3,367 

Black  

295 

369 

433 

841 

218 

209 

337 

657 

Hispanic  

398 

479 

664 

do/ 

O/O 

D  1  O 

Native  American  

54 

Psychology 

6.326 

White  

11.398 

12.041 

12,465 

10,167 

5,796 

6,235 

7.368 

Asian  

84 

123 

170 

236 

100 

105 

196 

Black  

...  144 

169 

ooU 

Dd 

fin 

1  1  1 

Hispanic  

50 

120 

165 

180 

CO 

yb 

110 

Native  American  

Social  sciences 

White  

20.955 

22.642 

24.323 

21.675 

1 1 .493 

12,231 

17.990 

15.106 

Asian  

543 

712 

1.095 

1.577 

204 

469 

1.015 

1.338 

Black  

233 

332 

573 

969 

123 

108 

317 

621 

Hispanic  

177 

153 

245 

618 

94 

76 

202 

511 

Native  American  

96 

68 

116 

105 

59 

68 

73 

Engineenng 

White  

11.437 

12.716 

15,324 

14,484 

8.468 

7.701 

1 1 .986 

11.627 

Asian   

941 

933 

2.042 

3.195 

896 

772 

2.002 

2.770 

Black  

63 

65 

202 

160 

Hispanic   

273 

166 

202 

467 

84 

91  . 

172 

389 

Native  American  

(continued) 
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Appendix  table  5-16. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnicity,  and  sex: 
1979,1981,  1989,  and  1991 

(page  3  of  3) 


Total  employment 

Total  with  responsibility  for  R&D 

Field  and  race/ethnicity 

1979 

1981  1989 

1991 

1979            1981            1989  1991 

Women 

Total  science  &  engineering 

White   15,430 

Asian   568 

Black   351 

Hispanic   180 

Native  American  

Physical  sciences 

White   1.171 

Asian   111 

Black   

Hispanic  

Native  American  

Mathematics 

White   662 

Asian   58 

Black  

Hispanic  

Native  American  

Computer  sciences 

While   100 

Asian  

Black  

Hispanic  

Native  American  

Environmental  sciences 

White   245 

Asian  

Black  

Hispanic  

Native  American  

Life  sciences 

White   6.396 

Asian   265 

Black   1 82 

Hispanic   75 

Native  American  

Psychology 

White   3.233 

Asian  

Black   75 

Hispanic  

Native  American  

Social  sciences 

White   3.541 

Asian   66 

Black   74 

Hispanic  

Native  American  

Engineering 

White   82 

Asian  

Black  

Hispanic  

Native  American  


17.853 
846 
500 
212 


1.347 
127 


731 
58 


155 


297 


7.262 
462 
202 
86 


3.993 
102 
149 


3.958 
75 
115 
51 


110 


29.377 
1.551 
914 
609 
67 


1.786 
180 


940 
115 


412 


606 


13.103 
869 
364 
234 


6.124 
147 
278 
146 


5.974 
152 
215 
148 


432 


30,752 
2.498 
1.377 
813 
80 


1,603 
345 
50 
58 


966 
192 


572 
108 


683 


14.206 
1,316 
469 
341 


6.223 
154 
396 
141 


5.964 
285 
391 
193 


535 
69 


012 

10,893 

21.190 

21.566 

388 

635 

1 ,316 

2,005 

174 

245 

530 

936 

119 

136 

463 

616 

51 

640 

792 

1 .251 

976 

68 

84 

134 

243 

• 

316 

• 

361 

* 

513 

* 

638 

* 

85 

135 

62 

89 

310 

400 

• 

• 

• 

171 

225 

545 

610 

• 

• 

• 

k519 

5.319 

10.308 

10,729 

4'Jo 

7Q7 

1  . 1 

97 

113 

229 

332 

59 

01 

1  Q7 

.526 

1.907 

3.499 

3.490 

60 

112 

72 

55 

136 

269 

76 

51 

.714 

2.114 

4.375 

4.234 

109 

208 

61 

127 

238 

129 

164 

64 

86 

389 

489 

69 

'  =  too  few  cases  in  survey  to  estimate  population  values 

NOTES:  Details  cannot  be  aggregated  to  totals  because  of  small  sample  si2es  Data  reflect  the  composition  of  survey  respondents  whose  field  of  employment, 
race/ethnicity.  sex.  and  primary  and  secondary  work  responsibilities  are  known.  Data  are  weighted  estimates  from  sample  surveys. Small  numbers  are  subject  to 
especially  large  variability  and  may  not  accurately  reflect  population  patterns. 

«=OURCE.  Science  Resources  Studies  Division.  National  Science  Foundation  (NSF).  Charade nsfics  of  Doctoral  Scientists  and  Engineers  1991  (Washington.  DC 
Y     SF.  forthcoming),  and  NSF.  unpublished  tabulations  ^ 
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Appendix  tabie  5-18. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships, 
by  support  source  and  field:  1979-91 
(page  1  of  3) 


Fuli-time  graduate  students 


Total 

Federal 

Nonfederal 

Total 

Federal 

Nonfederal 

Total 

with  RAs 

RAs 

RAs 

with  RAs 

RAs 

RAs 

Number 

Percent 

Total  science  and  engineering 

1979. 

232.376 

48,999 

28.016 

20,983 

21.1 

12.1 

9.0 

1980  

238.868 

51.594 

29.329 

22,265 

21.6 

12.3 

9.3 

1981..  .. 

242.777 

52.752 

29.149 

23,603 

21.7 

12,0 

9,7 

1982  

245.378 

52.563 

28.293 

24,270 

21.4 

11.5 

9.9 

1983  

252,846 

54.923 

29.144 

25,779 

21.7 

11,5 

10.2 

1984   

254.735 

57.771 

29,457 

28.314 

22.7 

11.6 

11,1 

1985. 

258.241 

61.040 

30.432 

30,608 

23.6 

11,8 

11.9 

1986  

267.075 

66,071 

32.747 

33,324 

24.7 

12.3 

12,5 

1987  

271.772 

70.221 

34.966 

35.255 

25.8 

12.9 

13.0 

1988  

276,225 

74.568 

36.741 

37,827 

27.0 

13.3 

13,7 

1989   

283.849 

79.116 

38.552 

40.564 

27.9 

13,6 

14.3 

1990  

288.981 

79,595 

38.022 

41,573 

27,5 

13.2 

14.4 

1991. 

.    ,  .  308.669 

84,901 

40.609 

44.292 

27.5 

13.2 

14.3 

Physical  sciences 

1979  

22.535 

7.806 

6.512 

1.294 

34.6 

28.9 

5.7 

1980.     .  . 

22.918 

8,340 

6.980 

1.360 

36.4 

30.5 

5.9 

1981  

23.308 

8.607 

7,271 

1,336 

36.9 

31.2 

5.7 

1982  

24.038 

8.768 

7.095 

1.673 

36.5 

29.5 

7.0 

1983  

25.205 

9.145 

7.471 

1,674 

36.3 

29,6 

6,6 

1984  

25.852 

9,628 

7.807 

1,821 

37.2 

30.2 

7,0 

1985  

26.669 

10.284 

8,065 

2,219 

38.6 

30.2 

8.3 

1986  

27.764 

10.994 

8.665 

2,329 

39.6 

31.2 

8.4 

1987.    .  .  . 

28.414 

11.558 

8.873 

2,685 

40.7 

31.2 

9,4 

1988.  .  .  . 

28.574 

12.056 

8.968 

3,088 

42.2 

31,4 

10,8 

1989  

29.207 

12.426 

9.145 

3,281 

42.5 

31.3 

11,2 

1990. 

29.042 

11.972 

8,725 

3,247 

41.2 

30.0 

11.2 

1991  

30.131 

12,223 

8.881 

3.342 

40.6 

29.5 

11.1 

Mathematics/computer  sciences 

1979. . .  . 

..    .  15.520 

1.642 

1.005 

637 

10.6 

6.5 

4.1 

1980  

16.489 

1.820 

1.099 

721 

11.0 

6.7 

4.4 

1981  .... 

.    .  .  17.599 

1.858 

1.055 

803 

10.6 

6.0 

4,6 

1982  . . 

.    .  .  19.985 

2.036 

1.140 

896 

10.2 

5.7 

4.5 

1983  

21.644 

2.206 

1.193 

1,013 

10.2 

5.5 

4.7 

1984.  .    .  . 

22.898 

2.507 

1.382 

1.125 

10,9 

6.0 

4.9 

1985.  . 

25.919 

3.074 

1.551 

1.523 

11.9 

6.0 

5,9 

1986  

27.700 

3.392 

1.686 

1.706 

12.2 

6.1 

6.2 

1987. . 

.      .  28.616 

3.948 

2.142 

1,806 

13.8 

7,5 

6.3 

1988. 

28.907 

4.273 

2.312 

1.961 

14.8 

8.0 

6,8 

1989.  .  . 

29.492 

4.643 

2.445 

2,198 

15,7 

8.3 

7.5 

1990 

30.693 

4.673 

2,398 

2,275 

15.2 

7.8 

7.4 

1991.  .. 

30.811 

4.897 

2.596 

2,301 

15.9 

8.4 

7.5 

(continued) 
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Appendix  table  5-18 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantshlps, 
by  support  source  and  field:  1979-91 
(page  2  of  3) 


Fuil-time  graduate  students 

Total 

Federal 

Nonfederal 

Total 

Federal 

Nonfederal 

Total 

with  RAs 

RAs 

RAs 

with  RAs 

RAs 

RAs 

Number 

Percent 

Environmental  sciences 

1979  

10.724 

3.587 

2.706 

881 

33.4 

25.2 

8.2 

1980  

10.969 

3.770 

2.702 

1.068 

34.4 

24.6 

9.7 

1981  

11.038 

3.469 

2.402 

1.067 

31.4 

21.8 

9.7 

1982  

11.436 

3.339 

2.323 

1.016 

29.2 

20.3 

8.9 

1983  

12.068 

3.545 

2.348 

1,197 

29.4 

19.5 

9.9 

1984  

11,837 

3.583 

2.328 

1.255 

30.3 

19.7 

10.6 

1985  

1 1 .458 

3.728 

2,410 

1,318 

32.5 

21.0 

11.5 

1986  

1 1 .347 

3.838 

2.372 

1.466 

33.8 

20.9 

12.9 

1987  

10,543 

3.660 

2.251 

1.409 

34.7 

21.4 

13.4 

1988  

10.299 

3.892 

2.317 

1.575 

37.8 

22.5 

15.3 

1989  

10.143 

4.169 

2.482 

1.687 

41  1 

24.5 

16.6 

1990  

10.273 

4.153 

2.445 

1.708 

40.4 

23.8 

16.6 

1991  

10.414 

4.358 

2.539 

1,819 

41.8 

24.4 

17.5 

Life  sciences 

1979  

70.968 

15.412 

7.222 

8.190 

21.7 

10.2 

11.5 

1980  

71.957 

15.896 

7.628 

8,268 

22.1 

10.6 

11.5 

1981. 

71.931 

16.344 

7.593 

8.751 

22.7 

10.6 

12.2 

1982  

69.953 

16.223 

7.275 

8,948 

23.2 

10.4 

12.8 

1983  

69.696 

16.496 

7.260 

9,236 

23.7 

10.4 

13.3 

1984  

70.230 

17.576 

7.387 

10.189 

25.0 

10.5 

14.5 

1985  

69.509 

17.896 

7.989 

9,907 

25.7 

11.5 

14.3 

1986.  . 

70.661 

19.220 

8.562 

10.658 

27.2 

12.1 

15.1 

1987. 

71.456 

20.225 

9.344 

10,881 

28.3 

13.1 

15.2 

1988  

73.039 

21.582 

10.042 

11.540 

29.5 

13.7 

15.8 

1989  

75.452 

23.183 

10.930 

12.253 

30.7 

14.5 

16.2 

1990.  .    .  . 

.    .  74.936 

23.403 

10.902 

12.501 

31.2 

14.5 

16.7 

1991  

82.938 

25.674 

12.060 

13.614 

31.0 

14.5 

16.4 

Psychology 

1979  

25.859 

2.528 

1.170 

1.358 

9.8 

4.5 

5.3 

1980  

26.678 

2.570 

942 

1.628 

9.6 

3.5 

6.1 

1981  

  26.715 

2.890 

1.036 

1.854 

10.8 

3.9 

6.9 

1982  

25.812 

2.723 

927 

1.796 

10.5 

3.6 

7.0 

1983 

26.693 

2.S62 

944 

2.018 

11.1 

3.5 

7.6 

1984  

26.102 

3.027 

962 

2.065 

11.6 

3.7 

79 

1985  

25.751 

3.078 

1.017 

2.061 

12.0 

3.9 

8.0 

1986  

26.469 

3.114 

1.021 

2.093 

11.8 

3.9 

7.9 

1987  

27.308 

3.218 

1.078 

2.140 

11.8 

3.9 

7.8 

1988.      .  . 

28.366 

3.733 

1.210 

2.523 

13.2 

4.3 

8.9 

1989  

29.608 

3.866 

1.278 

2.588 

13.1 

4.3 

8.7 

1990  

30.694 

4.051 

1.326 

2.725 

13  2 

4.3 

8.9 

1991  

32.382 

4.275 

1,459 

2.816 

13.2 

4.5 

8.7 

(continued) 
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Appendix  table  5-18. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  asslstantshlps, 
by  support  source  and  field:  1979-91 

(page  3  of  3) 


Full-time  graduate  students 

Total 

Federal 

Nonfederal 

Total 

Federal 

Nonfederal 

Total 

with  RAs 

RAs 

RAs 

with  RAs 

RAs 

RAs 

Number 

Percent 



Social  sciences 

1979  

46.755 

5.207 

1.403 

3.804 

11.1 

3.0 

8.1 

1980  

47.137 

5.275 

1.444 

3.831 

11.2 

3.1 

8.1 

1981  

46.335 

5.196 

1.267 

3.929 

11.2 

2.7 

8.5 

1982  

44.289 

4.866 

971 

3.895 

1 1  .U 

2.2 

8.8 

1983  

43.609 

5.032 

933 

4.099 

11.5 

2.1 

94 

1984  

42.659 

5.166 

916 

4.250 

12.1 

2.1 

10.0 

1985  

42.997 

5.080 

974 

4,106 

11.8 

2.3 

9.5 

1986  

42.907 

5.101 

885 

4.216 

11.9 

2.1 

9.8 

1987  

43.550 

5.465 

917 

4.548 

12.5 

2.1 

10.4 

1988  

43.853 

5.580 

921 

4.659 

12.7 

2  1 

10.6 

1989  

45.401 

6.227 

1.013 

5.214 

137 

2.2 

11.5 

1990  

47.651 

6.257 

1.073 

5.184 

13.1 

2.3 

10.9 

1991  

50.763 

6.711 

1.164 

5.547 

13.2 

2.3 

10.9 

Engineering 

1979  

40.017 

12.817 

7.998 

4.819 

32.0 

20,0 

12.0 

1980 

42.720 

13.923 

8.534 

5.389 

32.6 

20.0 

12.6 

1981  

45.851 

14.388 

8.525 

5.863 

31.4 

186 

12.8 

1982  

49.865 

14.608 

8.562 

6.046 

29.3 

17.2 

12.1 

1983  

53.931 

15.537 

8.995 

6.542 

28.8 

16.7 

12.1 

1984  

55.157 

16.284 

8.675 

7.609 

29.5 

15.7 

13.8 

1985  

55.938 

17.900 

8.426 

9.474 

32  0 

15  1 

16.9 

1986  

60.227 

20.412 

9.556 

10.856 

33.9 

15.9 

18.0 

1987  

61.885 

22.147 

10.361 

11.786 

35.8 

16.7 

19.0 

1988  

63.187 

23.452 

10.971 

12.481 

37.1 

17.4 

19.8 

1989  

64.546 

24.602 

11.259 

13.343 

38.1 

17.4 

20.7 

1990  

65.692 

25.086 

11.153 

13.933 

38.2 

17.0 

21.2 

1991  

  71.230 

26.763 

11.910 

14.853 

37.6 

16.7 

20  9 

RA  =^  research  assistantship 

SOURCE.  Science  Resources  Stud'es  Division.  National  Science  Foundation  iNSF).  Academic  Saence  <ind  Engineering  Gfcidiuite  EnrofUv.ent  ana  Support  Fjii 
1991  NSF  93  309  (Washington.  DC  NSR  1993):  and  NSF  unpublished  tabulations 

See  figure  5-1 1  Scienct^  S  Engmeenng  fndfcatcrs  -  1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-19. 

Academic  researchers  reporting  federal  support,  by  number  of  years  since  doctorate  award  and  field:  ISTS-^QI 
(page  1  of  2) 


All 

Years  since  doctorate 

All 

Years  since  doctorate 

researchers 

1-3 

4-7 

8-10 

11-15 

15+  researchers 

1-3 

4-7 

8-10 

11-15 

'  15+ 

Number 

Percent 

All  science  ahd  Engineering  fields 

1973 

43.046 

8.721 

10.814 

5.664 

6.279 

11.568 

53.2 

50.6 

52.4 

52.1 

55.6 

55.3 

1975 

44.198 

7.403 

11.303 

6.651 

6.967 

11.874 

49.4 

46.9 

48.3 

50.5 

50.1 

51.0 

1977  . 

44.474 

6.829 

10.701 

6.942 

7.718 

12.284 

53.0 

52.9 

52.1 

53.6 

53.9 

53.1 

1979 

46.419 

7,213 

9.505 

6,800 

9.172 

13.729 

52.3 

55.7 

53.5 

49.6 

51.3 

52.0 

1981 

48.442 

7.988 

9.866 

6.561 

9.665 

14.362 

51.1 

59.2 

53.7 

49.7 

49.3 

47.5 

1983 

55.139 

7,310 

10,142 

6.824 

12.242 

18.621 

57.3 

60.6 

60.4 

58.9 

57.1 

54.3 

1985 

48.181 

6.029 

8,244 

6.061 

9.797 

18.050 

45.8 

48.1 

47.3 

48.8 

47.2 

43.0 

1987 

73.875 

7.801 

11.992 

8.624 

14,060 

31,398 

57.2 

58.0 

61.2 

61.6 

59.3 

53.8 

1989 

80.398 

9.213 

12.876 

9,063 

14,456 

34.790 

59.2 

64.4 

64.0 

63.3 

62.4 

54.5 

1991  .  . 

.  .  77.786 

10.491 

13.990 

9.592 

12.925 

30.788 

57.8 

56.4 

61.0 

64.2 

62.0 

53.7 

Physical  sciences 

1973  .  . 

.  .  .  7.093 

1.635 

1.572 

973 

1.123 

1.790 

53.2 

65.8 

47.4 

51.6 

53.1 

50.7 

1975  .  . 

.    .  7.593 

1.191 

1.764 

1.153 

1.251 

2,234 

51.4 

64.8 

49.7 

49.2 

46.6 

51.1 

1977  .  . 

.  .  .  7.504 

1.267 

1.532 

1.075 

1.312 

2.318 

54.0 

67.9 

55.4 

49.9 

51.9 

50.7 

1979  .  . 

.  .  .  7.332 

1.114 

934 

955 

1.755 

2.574 

54.7 

68.8 

49.8 

47.7 

56.9 

53.5 

1981  .  . 

.  .  .  7.989 

1.223 

1.258 

925 

1.629 

2.954 

57.5 

74.3 

58.7 

61.7 

51.8 

54.1 

1983  .  . 

.  .  .  8.791 

967 

1.173 

938 

1.829 

3.884 

62.8 

74.2 

71.0 

69.4 

80.4 

58.3 

1985  .  . 

7.720 

1.006 

858 

802 

1.060 

3,994 

50.5 

65.2 

50.0 

56.6 

45.8 

48.1 

1987  .  . 

.  ..  10.921 

1.065 

1.142 

952 

1,792 

5,970 

63.9 

74.1 

66.2 

71.6 

71.3 

59.2 

1989  . 

.  .  .  11.547 

1.516 

1.277 

910 

1.344 

6.500 

67.5 

81.0 

69.9 

72.3 

65.2 

64.4 

1991  . . 

.  ..  10.635 

1.737 

1.414 

866 

1.306 

5.312 

65.2 

70.2 

69.3 

80.6 

78.1 

61.1 

Mathematics 

1973 

1.972 

310 

647 

240 

293 

482 

31.6 

21.2 

31.9 

25.7 

42.6 

42.6 

1975 

1.483 

108 

458 

334 

259 

32^ 

21.7 

10.1 

20.7 

29.2 

23.3 

25.2 

1977 

1.206 

136 

255 

308 

?24 

283 

20.2 

15.2 

17.8 

25.7 

20.1 

21.2 

1979 

1.342 

144 

357 

219 

237 

385 

22.6 

18.0 

41.1 

19.3 

14.8 

25.0 

1981 

.  .  .      1 .360 

101 

297 

192 

476 

294 

22.7 

15.1 

29.2 

23.0 

30.0 

15.7 

1983 

2.318 

265 

376 

285 

602 

789 

38.7 

42.1 

39.0 

49.0 

39.6 

34.3 

1985  .  . 

.  ..  1.518 

83 

232 

180 

324 

699 

24.5 

13.2 

29.6 

36.6 

25.3 

23.2 

1987  . 

.  .  .  2.675 

147 

396 

276 

511 

1.345 

34.5 

23.3 

36.2 

42.4 

37.4 

33.5 

1989 

2.892 

160 

374 

319 

549 

1.490 

36.5 

29.0 

39.9 

43.5 

46.2 

33.1 

1991 

3.276 

423 

564 

531 

549 

1.209 

37.4 

37.8 

40.2 

51.0 

40.0 

31.7 

Computer  sciences 

1973 

533 

120 

147 

76 

107 

83 

54.9 

48.8 

68.4 

55.5 

66.9 

39.0 

1975 

425 

79 

110 

37 

84 

115 

41.0 

30.9 

47.6 

45.1 

48.8 

39.0 

1977 

594 

107 

200 

59 

84 

144 

54.4 

50.2 

64.5 

55.1 

57.5 

45.6 

1979 

574 

80 

202 

138 

47 

107 

44.0 

44.0 

58.7 

45.7 

23.2 

39.1 

1981  .  . 

736 

175 

165 

143 

125 

128 

46.6 

50.1 

49.3 

58.6 

39.6 

38.0 

1983 

920 

150 

307 

122 

128 

213 

51.8 

71.8 

66.5 

49.6 

40.6 

39.1 

1985 

680 

55 

155 

129 

171 

170 

36.5 

24.6 

37.6 

46.6 

38.2 

33.9 

1987 

1.526 

185 

296 

229 

248 

568 

55.4 

53.8 

66  8 

70.0 

44.0 

52.7 

1989 

1.646 

111 

375 

326 

310 

524 

50.6 

30.2 

74.3 

66.8 

51.3 

40.6 

1991  . . 

2.047 

287 

506 

163 

461 

630 

48.4 

32.2 

59.^ 

60.6 

62.3 

42.4 

Environmental  sciences 

1973  .  . 

...  2.139 

484 

564 

272 

336 

481 

50.3 

61.7 

66.^ 

53.9 

63.1 

55.0 

1975  .  . 

.  .  .  2.339 

502 

591 

385 

378 

483 

59.1 

61.0 

63.3 

62.3 

60.0 

50.4 

1977  .  . 

.  .  .  2.287 

321 

653 

336 

390 

587 

57.5 

47.3 

61.9 

65.2 

55.6 

57.3 

1979  .  . 

...      2.3 17 

465 

461 

327 

494 

570 

63.2 

84.9 

67.3 

60.7 

61.1 

52.4 

1981  .  . 

.  .  .  2.425 

443 

494 

385 

389 

714 

58.3 

60.9 

68.4 

58.7 

49.6 

57.3 

1983  .  . 

.  .  .  2.720 

456 

599 

423 

392 

850 

66.5 

74.9 

67.7 

78.9 

60.0 

60.5 

1985  .  . 

.  .  .  2.587 

273 

499 

352 

579 

884 

59.7 

62.8 

67.3 

62.5 

65.4 

51.8 

1987  .  . 

.  .  .  3.613 

424 

603 

349 

874 

1.363 

68.3 

66.9 

70.9 

78.4 

74.7 

62.2 

1989  . 

.  .  .  4.096 

369 

747 

495 

8*79 

1.606 

71.7 

62.8 

82.8 

82.1 

83  2 

62.6 

1991 

4.306 

564 

814 

684 

834 

1.500 

75.3 

77.0 

88.1 

85.7 

89.2 

61.2 

^  (continued) 
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Appendix  table  5-19. 

Academic  researchers  reporting  federal  support,  by  number  of  years  since  doctorate  award  and  field:  1973-91 

(page  2  of  2) 


All  . 
researchers 

Years  since  doctorate 

All 

researchers 

1-3 

Years  since  doc 
4-7  8-10 

torate 

1-3 

4-7 

8-10 

11-15 

15+ 

11-15 

15-f 

Number 

—Percent 

Life  sciences 

1973 

1 8.645 

3.717 

4,323 

2.281 

2.452 

5.872 

67.2 

68.8 

67.2 

67.8 

65.0 

66.9 

1975 

19,322 

3,469 

4,787 

2.578 

2,911 

5,577 

64.8 

66.5 

63.8 

66.3 

65.5 

63.7 

1977  .  . 

.  .  .  20,522 

3.315 

5,052 

3,126 

3,282 

5,747 

68.2 

70.5 

68.4 

69.9 

69.2 

65.5 

1979 

21,743 

3,482 

4,790 

3,237 

3,766 

6.468 

65.4 

69.6 

66.0 

64.8 

65.2 

63.3 

1981 

23,194 

4,355 

4,872 

3.119 

4.287 

6.561 

63.2 

75.5 

65.7 

62.1 

60.5 

57.4 

1983 

25.954 

3,961 

4.886 

3,344 

5,805 

7.958 

69.1 

71.2 

73.2 

72.7 

69.3 

64.4 

1985  .  . 

.  .  .  24,442 

3,481 

4,781 

3.012 

5.179 

7,989 

59.1 

60.5 

63.4 

62.2 

60.8 

54.4 

1987 

34,420 

4,093 

6,254 

4,529 

6,695 

12,849 

72.5 

72.9 

76.1 

79.9 

75.6 

67.1 

1989 

37,488 

5.055 

3,464 

4.668 

6,876 

14,424 

73.4 

79.3 

75.8 

77.3 

79.1 

67.3 

1991  . 

.  .  .  36,386 

5,167 

6.663 

5,180 

6,146 

13,230 

72.1 

71.0 

73.3 

79.9 

74.8 

68.3 

Psychology 


^^73 

3,296 

751 

861 

383 

456 

845 

44.6 

40.9 

44.2 

39.5 

45.0 

52.4 

1975 

3,336 

558 

940 

459 

483 

896 

40.3 

32.5 

40.8 

37.5 

42.6 

47.4 

1977 

2,838 

465 

750 

376 

485 

762 

39.0 

34.2 

37.3 

34.8 

44.3 

44.1 

1979 

3,129 

724 

784 

456 

353 

812 

41.1 

46.0 

43.2 

38.0 

32.1 

42.3 

1981  . 

3.261 

719 

838 

438 

468 

798 

38.0 

55.4 

40.6 

32.2 

29.0 

35.5 

1983  .  .  . 

3,001 

355 

652 

566 

477 

951 

37.2 

34.2 

37.7 

45.0 

34.8 

35.6 

1985 

2,866 

483 

594 

499 

474 

816 

33.0 

41.5 

37.9 

40.4 

26.7 

27.6 

1987 

4,358 

708 

708 

668 

776 

1,498 

36.8 

49.2 

35.1 

46.3 

32.6 

32.9 

1989 

4,797 

670 

700 

482 

1,104 

1,841 

41.5 

50.9 

40.6 

36.7 

52.5 

36.1 

1991  . 

4,104 

490 

854 

324 

799 

1,637 

38.5 

38.1 

41.7 

30.7 

47.7 

35.6 

Social  sciences 

1973 

4,094 

944 

1,139 

536 

543 

932 

31.4 

26.9 

35.2 

34.3 

32.5 

30.6 

1975 

4,410 

834 

1,344 

677 

539 

1,016 

28.0 

22.1 

29.9 

33.9 

27.4 

28.6 

1977 

4,180 

661 

1,265 

650 

611 

993 

32.3 

28.5 

31.8 

35.8 

35.4 

32.2 

1979 

4.266 

766 

953 

776 

907 

864 

30.7 

30.9 

29.0 

32.7 

36.0 

26.7 

1981  .  . 

4.270 

552 

1.084 

530 

1,029 

1,075 

28.1 

25.2 

30.8 

23.5 

32.4 

26.3 

1983 

4,962 

783 

1.268 

572 

1.133 

1,206 

33.3 

39.3 

40.2 

25.6 

34.4 

28.6 

1985 

3,534 

280 

638 

431 

871 

1.314 

21.2 

15.0 

20.2 

16.2 

24.8 

24.1 

1987 

7.126 

547 

1,342 

842 

1,675 

2.720 

31.3 

24.2 

38.7 

27.8 

35.4 

29.4 

1989 

8,138 

583 

1,385 

1.101 

1,674 

3,395 

33.2 

28.8 

36.6 

40.3 

32.4 

31.5 

1991 

6,473 

427 

1,316 

906 

1.304 

2,520 

28.7 

16.3 

32.7 

35.9 

33.0 

26.6 

Engineering 

1973 

5,274 

760 

1,561 

903 

967 

1,083 

60.7 

50.9 

59.2 

59.8 

72.1 

63.1 

197S  . 

5,290 

662 

1,309 

1,023 

1,062 

1.229 

58.2 

59.6 

60.7 

54.8 

59.6 

57.0 

1977    .  . 

5.343 

557 

994 

1.012 

1.330 

1.450 

61.6 

62.7 

62.1 

62.5 

58.5 

63.3 

1979  .  .  . 

5.716 

438 

1,024 

692 

1,613 

1,949 

59.3 

57.9 

63.1 

59.7 

58.4 

58.5 

198-'  .  .  . 

5.207 

420 

858 

829 

1,262 

1.838 

59.2 

49.8 

74.5 

62.3 

66.2 

51.7 

1983  .  .  . 

6,^73 

373 

881 

573 

1.876 

2.770 

66.3 

51.3 

70.0 

73.9 

65.3 

67.0 

',985  .  .  . 

4,834 

368 

487 

656 

1.139 

2.184 

44.9 

40.1 

32.4 

71.6 

55.9 

40.4 

1987  ,  .  . 

9.236 

632 

1.251 

779 

1,489 

5.085 

65.5 

58.2 

71.1 

69.3 

69.6 

63.7 

1989  .  .  . 

9,794 

743 

1,554 

762 

1.720 

5.010 

66.9 

61.7 

81.2 

66.4 

75.0 

62.0 

1991 

.  .  10.46S 

1,396 

1,859 

938 

1,526 

4.750 

66.2 

63.1 

72.3 

69.7 

67.3 

64.0 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation  (NSF).  Characteristics  of  Doctoral  Scientists  and  Engineers:  1991  (Washington,  DC: 
NSF,  forthcoming):  and  NSF,  unpublished  tabulations. 
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Appendix  table  5-20. 

Federally  supported  academic  doctorate-holders,  by  field  of  employment  and  number  of  funders:  1979-91 


Field 

1979 

1981 

1983 

1985 

1987 

1989 

1991 

Total 

Total  science  &  engineering  

53,270 

54.514 

64.231 

54.534 

81.856 

88.371 

86,429 

8.085 

8,638 

9,779 

8.272 

1 1 ,665 

12.366 

1 1 .609 

Matiiematjcs  

1,693 

1,668 

2,641 

1,738 

3.039 

3,262 

3,724 

Computer  sciences  

690 

893 

1,145 

834 

1.693 

1.789 

2.612 

Environmental  sciences  

2.472 

2,564 

2.998 

2.789 

3,751 

4,249 

4,609 

Life  sciences  

24,282 

25,016 

29.049 

27.004 

37.609 

40,319 

39,123 

Psychology  

4.338 

4,209 

3.902 

3.591 

5,457 

6,131 

5.068 

Social  sciences  

5.324 

5.607 

6,768 

4,485 

8,597 

9,424 

8,123 

Engineering  

6,386 

5,919 

7.949 

5.821 

10,045 

10.831 

11,561 

Supported  by  one  federal  agency 

Total  science  &  engineering  

42.950 

43.498 

50.504 

43.629 

60,182 

64.984 

61,287 

Physical  sciences  

.  .  .  .  6.313 

6,407 

7.415 

6.262 

8.103 

8.462 

7.856 

Mathematics  

1.517 

1.499 

2.341 

1,483 

2.431 

2.479 

2,931 

Compuier  sciences  

....  568 

659 

790 

635 

1,129 

982 

1,683 

Environmental  sciences  

.  .  .  .    .  1.602 

1,547 

1,517 

1.643 

1,905 

2.227 

2.195 

Life  sciences  

20.235 

20.909 

23,503 

22.402 

28.830 

31,240 

29,812 

Psychology  

3.653 

3.435 

3,275 

2,922 

4,592 

4.974 

4,157 

Social  sciences  

4,711 

4,631 

5,952 

3,972 

6,790 

7,674 

5,968 

Engineering  

4,351 

4,411 

5,711 

4.310 

6.402 

6.946 

6.685 

Supported  by  more  than  one  federal  agency 

Total  science  &  engineering  

  9.830 

10,478 

13,229 

10,239 

21.236 

23.234 

24,564 

Physical  sciences  

1.71b 

2.173 

2,308 

1.907 

3.473 

3,860 

3,663 

Mathematics  

155 

157 

286 

227 

540 

766 

700 

Computer  sciences  

122 

208 

346 

178 

564 

807 

929 

Environmental  sciences  

831 

995 

1.458 

1,145 

1.826 

2.008 

2.382 

Life  sciences  

3,837 

3,852 

5.234 

4.318 

8.597 

9,013 

9,129 

Psychology  

607 

727 

569 

573 

810 

1,155 

888 

Social  sciences  

563 

904 

790 

438 

1.799 

1,750 

2.016 

Engineering  

  1 .997 

1.462 

2,238 

1,453 

3,627 

3,875 

4,857 

NOTES:  Data  exclude  university-administered  federally  funded  research  and  development  centers.  Data  are  limited  to  respondents  with  doctorates  in  science  and 
engineering  (S&E)  from  a  U.S.  academic  institution;  data  exclude  non-S&E  doctorate-holders  working  in  S&E  and  persons  with  S&E  doctorates  awarded  by  foreign 
institutions.  For  a  fuller  discussion,  see  chapter  5.  "Changes  in  the  Survey  of  Doctorate  Recipients."  Details  do  not  sum  to  totals  because  some  academic  doctorate- 
holders  do  not  specify  agencies  providing  support. 

SOURCE-  Science  Resources  Studies  Division.  National  Science  Foundation.  Survey  of  Doctorate  Recipients,  unpublished  tabulations. 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-22. 

Scientific  and  technical  fields  in  which  the  U.S.  share  of  world  publications  changed  by  more  than  5 
percentage  points:  1981-91 


Field 

World  publications 
published  in 

1981         1986  1991 

U.S.  publications 
published  in 

1981  1986 

1991 

1981 

U.S.  share  oi 
world  articles 

1986 

1991 

Net 
change 
1981-91 

Number  - 

-  Number  ■- 

Percent 

Gains  In  U.S.  share 

.  1.282 

317 

308 

238 

158 

109 

18.6 

49.8 

35.4 

16.8 

Biophysics   

978 

1.151 

820 

281 

435 

336 

28.7 

37.8 

41.0 

12.2 

General  biology  

.  1.735 

504 

593 

588 

142 

266 

33.9 

28.2 

44.9 

11.0 

Applied  mathematics  

2.010 

1.551 

1.577 

704 

679 

725 

35.0 

43.8 

46.0 

10.9 

Aerospace  technology  

933 

913 

844 

556 

540 

581 

59.6 

59.1 

68.8 

9.2 

Oceanography  &  limnology 

1.451 

1.162 

1.218 

594 

523 

611 

40.9 

45.0 

50.2 

9.2 

General  chemistry  

15.772 

15.472 

14,570 

2.135 

3.075 

3.196 

13.5 

19.9 

21.9 

8.4 

Nutrition  &  dietetics  

1.943 

1.507 

1.484 

880 

797 

781 

45.3 

52.9 

52.6 

7.3 

Applied  chemistry  

2.660 

1.504 

1.422 

470 

303 

355 

17.7 

20.1 

25.0 

7.3 

Misc.  clinical  medicine  

332 

458 

543 

201 

295 

367 

60.5 

64.4 

67.6 

7.0 

Physiology  

3,564 

4.801 

5.501 

1.518 

2.299 

2.692 

42.6 

47.9 

48.9 

6.3 

Microscopy  

603 

428 

404 

148 

158 

124 

24.5 

36.9 

30.7 

6.1 

General  zoology  

2.011 

2.141 

1.901 

354 

514 

448 

17.6 

24.0 

23.6 

6.0 

General  mathematics  

5.344 

4.549 

4.284 

1.728 

1.689 

1,638 

32.3 

37.1 

38.2 

5.9 

Operations  research  & 

mgmt  science  

759 

348 

367 

309 

169 

169 

4C.7 

48.6 

46.0 

5.3 

Applied  physics  

10.104 

12.573 

16.035 

2.887 

4.077 

5.393 

28.6 

32.4 

33.6 

5.1 

Losses  In  U.S 

share 

Hematology  

2.269 

2.858 

3.163 

897 

1.023 

1.089 

39.5 

35.8 

34.4 

(5.1) 

Allergy  

671 

820 

745 

292 

325 

286 

43.5 

39.6 

38.4 

(5.1) 

Endocrinology  

4,361 

4.791 

4,635 

1,870 

1.788 

1.745 

42.9 

37.3 

37.6 

(5.2) 

Urology  

1,765 

1.636 

1.815 

842 

801 

770 

47.7 

49.0 

42.4 

(5.3) 

Optics  

2.079 

2.515 

3.052 

830 

1.017 

1.056 

39.9 

40.4 

34.6 

(5.3) 

Acoustics  

1.330 

1.243 

1.242 

613 

483 

504 

46.1 

38.9 

40.6 

(5.5) 

Astronomy  &  astrophysics  .  .  . 

.  4.325 

4.329 

4.467 

1.986 

1.746 

1,775 

45.9 

40.3 

39.7 

(6.2) 

Civil  engineering  

2.055 

712 

696 

1.205 

385 

363 

58.6 

54.1 

52.2 

(6.5) 

Embryology  

997 

669 

844 

478 

198 

347 

47.9 

29.6 

41.1 

(6.8) 

Environmental  science^  

NA 

3.361 

3.920 

NA 

T.594 

1.588 

NA 

47.4 

40.5 

(6.9) 

Miscellaneous  mathematics .  .  . 

1.431 

533 

448 

710 

202 

190 

49.6 

37.9 

42.4 

(7.2) 

Dentistry  

2.225 

2.613 

2.727 

1.106 

1 .154 

1,153 

49.7 

44.2 

42.3 

(7.4) 

Nuclear  &  particle  physics  .... 

3.216 

5.944 

7.217 

1.255 

1.962 

2.263 

39.0 

33.0 

31.4 

(/.7) 

Marine  biology  &  hydrobiology  . 

.  3.350 

3.780 

4.099 

1.215 

1.160 

1.161 

36.3 

30.7 

28.3 

(7.9) 

Miscellaneous  biomedicine  .  .  . 

.  .  1 .544 

1.134 

1.145 

759 

486 

462 

49.2 

42.9 

40.3 

(8.8) 

Addictive  diseases  

492 

476 

600 

330 

276 

349 

67.1 

58.0 

58.2 

(8.9) 

Misc.  engineering/technology.  . 

782 

611 

521 

280 

162 

139 

35.8 

26.5 

26.7 

(9.1) 

Tropical  medicine  

836 

772 

855 

203 

141 

128 

24.3 

18.3 

15.0 

(9.3) 

Pharmacy  

4.154 

2.753 

2.438 

1.129 

536 

406 

27.2 

19.5 

16.7 

(10.5) 

Biomedical  engineering  

1.359 

1.729 

2.032 

524 

491 

520 

38.6 

28.4 

25.6 

(13.0) 

Anatomy  &  morphology  

778 

823 

750 

311 

253 

202 

40.0 

30.7 

26.9 

(13.0) 

Cancer  

5.374 

6.691 

7.302 

2.785 

2.916 

2.785 

51.8 

43.6 

38.1 

(13.7) 

Nephrology  

573 

724 

765 

271 

265 

250 

47.3 

36.6 

32.7 

(14.6) 

Chemical  engineering  

2.793 

3.290 

3.344 

1.338 

1.294 

1.080 

47.9 

39.3 

32.3 

(15.6) 

Fluids  &  plasmas  

1.107 

1.192 

797 

603 

645 

300 

54.5 

54.1 

37.6 

(16.8) 

Library  &  information  science.  . 

223 

31 

26 

128 

20 

10 

57.4 

64.5 

38.5 

(18.9) 

Nuclear  technology  

.  .  2.839 

1.943 

1.995 

1.474 

872 

531 

51.9 

44.9 

26.6 

(25.3) 

NA  =  not  available 

'The  net  change  for  environmental  science  is  from  1986  to  1991.  as  data  for  previous  years  are  unavailable. 
SOURCE.  CHI    esearch.  Inc..  Science  &  Engineering  Indicators  Literature  Database,  special  tabulations.  1993 
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Appendix  table  5-26. 

U.S.  academic-industry  coauthored  scientific  and  technical  articles  as  a  proportion  of  all  industry 

articles,  by  field:  1981-91   

"Fiiid                      "            1981        1982        1983        1984        1985        1986        1987       1988       1989  1990  1991  " 

 Percent  - 

All  fields.'."                            22          24           23          25           27           28          30          31           32  33  35 

Clinical  medicine                    30          34          33         35          40          37         42          41          42  44  45 

Biomedical  research                35         37          35         35          39          38         40         41          39  39  40 

Biology                                  39          46           42          37           44           44          41           47           48  43  45 

Chemistry                              13          17           15          16           16           18          20          20          22  22  24 

Physics                                 20           21           23          25'          23           23          25          26           28  29  31 

Earth  and  space  sciences ...    34         35          33         36          33          36         34         41          38  40  37 

Engineering  and  technology  .16          17          16          17           18          20         23         24          23  26  26 

Mathematics                           43           35           42          42           43           40          42          41           51  52  49 

SOURCE:  CHI  Research.  Inc..  Science  &  Engineering  Indicators  Literature  Database,  special  tabulations,  1993. 
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Appendix  table  6-6. 

U.S.  receipts  and  payments  of  royalties  and  fees  associated 

with  affiliated  and  unaffiliated  foreign  residents:  1987-91 

Foreign  residents 

Total  Affiliated  Unaffiliated 
fvlillions  of  dollars 

Receipts 

1987                              9.914  7.629  2.285 

1988                             11.802  9,156  2.646 

1939                            13.064  10.207  2.857 

1990                            16.470  13.081  3.389 

1991                             17.799  14.014  3.785 

Payments 

1987                               1.844  1.296  547 

1988                              2.585  1.410  1.175 

1989                              2.602  1.778  824 

1990                             3.133  2.196  937 

1991                               3.984  2.857  1.127 

E'alance 

'987                              8  070  6.333  1.738 

1988                              9.217  7.746  1.471 

1989                             10.462  8.429  2.033 

1990                             13.337  10.885  2.452 

1991                             13.815  11.157  2.658 

SOURCE  Bureau  of  Economic  Analysts  Surve'y  of  Current  Bu<^ines$.\/o\  72.  No  9  (Sept 
1992). 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-13. 

Patent  classes  most  emphasized  by  inventors  from  the  United  States  patenting  in  the  United  States:  1981  and  1991 


Activity  incex 


Patent  class 

Class  number 

1981 

1991 

Mineral  oils-  Processes  and  products   

  208 

1.813 

1.977 

Chemistry,  hydrocarbons  

.     ,     .  .  585 

1.786 

1  938 

Wells  

....  166 

1  747 

1  777 

Chemistry — Analytical  and  immunological  testing  

436 

1  340 

1  523 

Food  or  edible  material*  Processes  compositions  and  products 

.    .  426 

1.146 

1.438 

Superconductor  technology-— Apparatus,  maierial.  process  .  .  ... 

  505 

0.000 

1.434 

Error  detection/correct'on  and  fault  detection/recovery  

371 

1.395 

1.432 

Amplifiers    

330 

1.017 

1.415 

Qhprnistry — Molecular  btolOQy  and  microbiology 

435 

1  107 

1  402 

DruQ  bio-affpcting  and  body  treating  compositions 

424 

1.092 

1  386 

Ciiemistry  ligrnns  or  reaction  products  thereof  ... 

.  .    .  .  530 

1.225 

1.373 

Part  of  the  cla.5S  520  series— synthetic  rcsins  or  natural  rubber   

...  521 

1  114 

1.371 

Compositions  . 

.252 

1.356 

1  359 

Electrical  transmisf  ion  or  interconnection  systems.                             .  .  .  . 

.  .    .  .  307 

1  216 

1 .359 

Electncrty.  conductors  and  insulators                                 ...         .  .  . 

  174 

1.216 

1  348 

Induced  nuclear  reaction  systems  and  elements   

376 

0.787 

1.344 

Electrical  connectors  

439 

1.572 

1.334 

Information  processing  system  organisation          ...  .... 

395 

1  594 

1.333 

Catalyst  solid  sorbent  or  support  therefore  product 

502 

1 .593 

1 .331 

Electricity  electrical  systems  and  devices 

361 

1  215 

1.323 

Valves  and  valve  actuation   

251 

1.207 

1.317 

Electrtcity.  measunng  and  testing 

  324 

1.095 

1.311 

Gas  separation   ....   

  55 

1.078 

1.311 

Pulse  or  digital  communications 

375 

1.222 

1.308 

MultiDlex  communications 

370 

1.084 

1 .304 

Communication,  electrical.  Acoustic  wave  systems  and  devices  

  367 

1.23G 

1.296 

Classification  undetermined  

  1 

0.944 

1.289 

Envelopes,  wrappers  &  paperboard  boxes  

  229 

1.638 

1.280 

Process  disinfecting,  deodonzma.  Dresoi  vjng  or  sterilizing  

  H^ld. 

1.041 

1.277 

Semiconductor  device  manufactunng  process  .... 

  437 

1.425 

1.264 

Part  of  the  Class  520  series— synthetic  resins  or  natural  rubber       .  . 

  525 

1  341 

1.262 

Telecommunications  

  455 

0.989 

1.259 

Part  of  the  class  520  senes—synthetic  resms  or  natural  rubber.   

  526 

1.202 

1.257 

Surgery  

  604 

1  .uyb 

1  .iiD  J 

Optical  waveguides   

  385 

1.016 

1.^52 

Surgery 

606 

0.631 

1.251 

Compositions  &  Ceramic  

  501 

0.967 

1.247 

Part  of  the  class  520  series— synthetic  resms  or  natural  rubber  

  523 

1 .310 

1 .242 

Part  of  the  class  532-570  senes — organic  compounds  

556 

1  391 

1  234 

Coded  data  generation  or  conversion  .     

  341 

1.365 

1.230 

Heat  exchange  

  165 

1  074 

1.217 

Part  of  the  class  532-570  senes— organic  compounds  

  564 

1.541 

1.217 

Electrical  computers  and  data  processing  systems  

  364 

1  234 

1.209 

Wave  transmission  lines  and  networks  

  333 

0.971 

1.207 

Coating  processes  

  427 

1.122 

1.205 

Communications,  directive  radio  wave  systems  &  devices    .    .  .   

  342 

1.012 

1.194 

Fluid  handling    

  137 

1.024 

1.192 

Part  of  the  class  520  senes— synthetic  resms  or  natural  rubber  

524 

1.339 

1.191 

Electric  power  conversion  systems   

  363 

1.187 

1.190 

Cleaning  and  liquid  contact  with  solids  

  134 

1.102 

1.177 

NOTES  Tho  dCtivitv  index  i<i  tho  perrenlago  of  the  patents  m  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  thai  country  in  that  year  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  palents  Uom  alf  counlnes  in  1991 

SOURCE  Office  of  Information  Systems.  TAF  Program  Patent  and  Trademark  Offscc.  Couniry  Activity  Index  Report  Corporate  Patenting  1991  '  report  prepared  for 
tho  National  Science  Foundation  (Washington  DC  Sept  1992) 
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Appendix  table  6-14. 

Patent  classes  most  emphasized  by  Inventors  from  Japan  patenting  in  the  United  States:  1981  and  1991 

Activity  index 

Patent  class  Class  number  1981  1991 


Dynamic  information  storage  or  retrieval    369  2.987  3  213 

Photography     354  4.319  3  192 

Photocopying     355  3.257  3.142 

Dynamic  magnetic  intormation  storage  or  retrieval  .    360  3.122  2.912 

Typewitting  machines   400  1.123  2.602 

Radiation  imagery  chemistry—procyss.  composition  or  products    430  3.171  2.533 

Recorders   346  2  902  2.491 

Pictonal  communication;  television                         ...               ...        ....  358  2.443  2.474 

Static  information  storage  and  retneval   3G5  1 .657  2.432 

Active  solid  state  devices,  e  g  .  transistors,  solid  state  diodes   357  2.103  2.202 

bewir.g  .     .    112  1.813  2.196 

Music    84  1.631  2.127 

Motor  vehicles   186  1.073  2.124 

Internal-combustion  engines    123  2.577  2.065 

Image  analysis   382  1.323  2.060 

Machine  elements  and  mechanisms   74  1  525  2.032 

Electricity,  motive  power  systems   318  1.509  1.965 

Metaltreatment     148  2.075  1.913 

Registers   235  0.813  1  845 

Coating  apparatus    118  1.544  1.797 

Optics,  systems  (including  communication)  and  elements   359  2.442  1.785 

Electrical  generator  or  motor  structure    310  1.374  1.753 

Clutches  and  power-stop  control   192  1.351  1.731 

Sheet  feeding  or  delivenng    271  1  587  1.719 

Information  processing  system  organization   395  1.228  1.713 

Electrical  audio  signal  processing  and  systems   381  1 .954  1 .623 

Electrical  com.puters  and  data  processing  systems  .   ...    364  1.575  1.547 

Radiant  energy   250  1.187  1.535 

Semiconductor  device  manufactunng  process   437  1.549  1.528 

Stock  material  or  miscellaneous  articles   428  1 .268  1 .507 

Chemistry,  electrical  current  producing  apparatus,  pro   429  0.620  1 .379 

Coherent  light  generators   372  0.795  1  354 

Compositions  &  Ceramic   501  2.129  1.336 

Error  detection  correction  and  fault  detectton  recovery   371  0.857  1.322 

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber   526  1 .538  1 .320 

Coded  data  generation  or  conversion   341  1.068  1  310 

Electrica!  transmission  or  interconnection  systams   307  1.638  1.298 

Electricity,  circuit  makers  and  breakers                                              ...  200  1.311  1.246 

Part  of  the  class  520  series—synthetic  resins  or  natural  rubber  .    525  1.549  1.237 

Telecommunications   455  2.325  1.237 

Multiplex  communications   370  0.683  1  222 

Glass  manufacturing   65  0.779  1.187 

Part  of  the  class  520  senes-synthetiC  resins  or  natural  rubber    523  1.383  1.181 

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber   524  1.265  1  177 

Winding  and  reeling    242  1  387  1.165 

Coating  processes   427  1.156  1.147 

Superconductor  technology  Apparatus,  material,  process    505  0.000  1.141 

Metallurgy  ^   75  1.516  1.140 

Electric  heating   219  1  422  1.138 

Telephonic  communications  ..    379  0.660  1.137 

NOTES.  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country  divided  by  the  percentage  of  all  pate  Us  that  have 
inventors  from  that  country  m  that  year  Listing  is  hmited  (o  Patent  and  Trademark  Olfice  classes  thai  received  at  least  200  patents  from  all  countries  m  1991 

SOURCE  Office  ol  Inlormation  Systems.  TAF  Program.  Patent  and  Trademark  Office.  Country  Activity  Index  Report.  Corporate  Patenting  1991. '  report  prepared  for 
the  National  Science  Foundation  (Washmgton  DC  Sept  1992) 
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Appendix  A.  Appendix  Tables 


Appendix  table  G~15. 

Patent  classes  most  emphasized  by  inventors  from  Germany  patenting  in  the  United  States:  1981  and  1991 


Activity  index 


Patent  class 

Printing    ...  .... 

Chemistry.  iGrlilizers  ...  ... 

Part  of  the  class  532  570  series  -  organic  compounds     .  ... 

Part  of  the  class  532  570  serie.^— organic  compounds 
Part  of  thf}  class  532-570  S(?rir-s  -organic  compounds 

Anin^unition  and  uKplosivcn 
Beririnci  or  guides  ... 
Wind'iig  H I'd  reeling 
BraKos.    .  .. 

Compositions  coaling  or  pl.islic 

Part  ot  the  class  520  series-  synthetic  resins  oi  nalu'al  rubber 

Inlernai  combuslion  engines   

Typewriting  niachmes  ... 

Clieniistry.  inorganic   

Part  of  Ihe  Uass  520  senes  -  synthetic  resms  or  natural  rubber. 

X  r;iy  01  gamma  ray  systems  or  devices  

Plastic  article  or  eaiinenware  shaping  or  treating-  ap 

Metal  deforming  .   

Part  ot  the  class  520  set  les— synthetic  resms  or  natural  rubber 
Part  of  the  class;  532  570  s«:;ries  — organic  compounds  


Part  ot  the  class  532-570  senes—organic  compounds  . 

Pail  ot  the  Class  520  series— synihelic  resms  or  natural  rubber 

Clutches  and  power-stop  control 

Power  plants                                                       .  . 
Chemistry,  electrical  and  wave  energy  .   

Shc^cM  feeding  or  dehvermg   

So!id  material  comminution  or  disintegration  .  .   

M(»tal  founding    

Part  of  the  class  r)20  senes—syntlietic  resms  oi  natural  rubber 
Package  making.   


Land  vehicles,  bodies  and  tops  

Drug  bio  affecting  and  body  trt^ating  compositions 

Heat  excharig(?  

Part  of  the  'lass  532-570  series-  organic  compounds  .  . 

Electric  power  conversion  systems  ... 

Pumps.  .      ... 

Fluid  sprinkling,  spraying  and  diffusing  

Joints  and  connections  

Plastic  and  noninetaijic  article  shaping  or  treating  Proc(^ss 


Cutting  

Optical  waveguides 

Machine  elements  and  n^echanisms 

Sewing 

Cutlery   


Catalyst,  solid  sorbent.  or  support  theiefore  product 
Measuring  and  testing.  ... 
Part  of  the  class  532  570  senes  -  organic  compounds  . 

Electricity,  circuit  makers  and  breakers  

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 


Class  number 

1981 

1991 

101 

1.275 

4.684 

71 

1.616 

3.620 

568 

1.799 

3.058 

548 

2.277 

2.524 

560 

1.624 

2.419 

102 

1.679 

2.401 

384 

1.679 

2.213 

242 

1.099 

2.088 

188 

1.587 

1.949 

106 

1.390 

1.874 

528 

1.703 

1.871 

123 

2.016 

1.836 

400 

1.394 

1.804 

423 

1.329 

1.796 

521 

2.010 

1.793 

378 

3.085 

1.791 

425 

1.209 

1.769 

72 

1.151 

1.749 

524 

1.537 

1.747 

556 

1  259 

1.656 

564 

1.263 

1.649 

525 

1.056 

1.618 

192 

1.431 

1.608 

60 

0.763 

1  569 

204 

1.030 

1.548 

271 

2  315 

1.528 

241 

0.805 

1.507 

164 

0.720 

1.503 

523 

1.176 

1.480 

53 

1.255 

1.469 

198 

1.453 

1.464 

296 

1.269 

1.449 

514 

1.655 

1.423 

165 

0.750 

1.368 

549 

1.243 

1.362 

363 

0.835 

1.357 

417 

1.132 

1.331 

239 

0.872 

1.326 

403 

1.061 

1.312 

264 

1.094 

1  280 

83 

1.155 

1.269 

385 

1.230 

1.265 

74 

1.387 

1.255 

112 

1  865 

1.245 

30 

0.532 

1.239 

502 

0.856 

1.236 

73 

1.207 

1.233 

536 

0.429 

1.230 

200 

1.003 

1  228 

526 

1.101 

1.224 

NOTES  Tho  acl'vity  mdex  >&  ihp  percentage  of  iht-  patents  m  a  class  \M  are  granted  lo  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
•nventoi'>  {rom  that  couniry  in  that  ye.i:  Listing  is  limited  to  Patent  and  Trademark  Otiice  clashes  that  received  at  least  200  patents  from  all  countries  in  1991  German 
d.it.i  ore  for  the  fofmer  West  Gefrnany  only 


SOURCE  OtliCC  o?  Information  Svr.tems  TAF  Progr.-Hm  Patent  and  Trndemark  Olftc^^  Country  Activity  Indev  Report  Corporate  Patenting  1991. 
the  Najton.il  Science  Foundalion  iVVashmaton  DC  Sepl  1992) 


report  prepared  for 
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Appendix  table  6-16. 

Patent  classes  most  emphasized  by  Inventors  from  Canada  patenting  In  the  United  States:  1981  and  1991 


Patent  class 


Class  number 


Metallurgy   75 

Chemistry,  inorganic    423 

Electricity,  conductors  and  insulators   174 

Plastic  article  or  earthenware  shaping  or  treating:  ap   425 

Multiplex  communications   370 

Chemistry:  Analytical  and  immunological  testing   436 

Telephonic  communications   379 

Static  structures,  e.g..  buildings   52 

Supports   248 

Mineral  oils:  Processes  and  products   208 

Apparel   2 

Wells   166 

Chemistry,  electrical  current  producing  apparatus,  product  and  process   429 

Material  or  article  handling   414 

Cleaning  and  liquid  contact  with  solids   134 

Fluid  sprinkling,  spraying  and  diffusing   239 

Solid  material  comminution  or  disintegration  .  .  .  •   241 

Harvesters   56 

Animal  husbandry   119 

Optical  waveguides   385 

Compositions:  Ceramic   501 

Chemistry,  fertilizers   71 

Adhesive  bonding  and  miscellaneous  chemical  manufacture   156 

Measuring  and  testing   73 

Wave  transmission  lines  and  networks   333 

Movable  or  removable  closures   49 

Electricity,  circuit  makers  and  breakers   200 

Pipe  joints  or  couplings   285 

Sewing   112 

Liquid  purification  or  separation   210 

Electric  power  conversion  systems   363 

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber   521 

Chemistry:  Molecular  biology  and  microbiology   435 

Plastic  and  nonmetallic  article  shaping  or  treating:  Process   264 

Electric  heating   219 

Heat  exchange   165 

Motor  vehicles   180 

Conveyers,  power-driven   198 

Locks   70 

Amplifiers   330 

Bearing  or  guides   384 

Chemistry,  electrical  and  wave  energy   204 

Refrigeration   62 

Metal  founding   164 

Optics,  measuring  and  testing   356 

Metal  working   29 

Receptacles   220 

Envelopes,  wrappers  and  paperboard  boxes   229 

Dispensing   222 

Coherent  light  generators   372 


Activity  index 
1981  1991 


3.282 
2.491 
2.512 
3.797 
1.459 

0.417 
5.820 
1.594 
1.106 
3.218 

0.597 
2.082 
0.000 
1.238 
0.938 

0.318 
2.698 
1.683 
0.000 
4.007 

2.421 
0.000 
1.050 
1.334 
1.191 

1.417 
0.000 
0.460 
0.000 
2.157 

2.913 
0.366 
0.000 
1.002 
0.597 

1.712 
0.970 
1.106 
2.626 
0.566 

0.000 
1.785 
0.877 
1.005 
1.192 

0.733 
2.060 
0.615 
0.932 
1.437 


5.229 
3.452 
3.426 
3.387 
3.323 

2.853 
2.809 
2.500 
2.425 
2.402 

2.280 
2.245 
2.224 
2.219 
2.173 

1.939 
1.917 
1.908 
1.844 
1.727 

1.679 
1.672 
1.657 
1.643 
1.620 

1.609 
1.596 
1.582 
1.533 
1.519 

1.512 
1.498 
1.477 
1.461 
1.430 

1.412 
1.404 
1.394 
1.384 
1.355 

1.328 
1.315 
1.271 
1.256 
1.189 

1.180 
1.161 
1.161 
1.150 
1.142 


ERLC 


NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  that  received  at  least  200  patents  from  all  countries  in  1991 . 
SOURCE-  Office  of  Information  Systems.  TAP  Program.  Patent  and  Trademark  Office.  'Country  Activity  Index  Report.  Corporate  Patenting  1991 ."  report  prepared  for 
the  National  Science  Foundation  (Washington,  DC:  Sept.  1992) 
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Appendix  table  6-17. 

Patent  classes  most  emphasized  by  inventors  from  France  patenting  In  the  United  States:  1981  and  1991 

Activity  index 

P,)tenl  Class                                                                                            Class  number  1981  1991 

Induced  nuclear  reaction,  systems  and  elements   376  1.496  4.750 

Wave  transmission  lines  and  networks   333  3.082  3.193 

Brakes    188  1.274  2.934 

Part  ot  tne  class  532-570  series- -organic  compounds     564  1.053  2.910 

Part  ot  the  class  532-570  series— organic  compounds   560  0.804  2.725 

Communrcations  directive  radio  wave  systems  &  devices   342  1.916  2.702 

X  r,iy  or  gamma  ray  systems  or  devices    378  0.774  2.647 

Glass  manufacturing    65  1.552  2.591 

Pipe  joints  or  couplings    285  1.871  2.525 

Comrrun»cation.  electrical  Acoustic  wave  systems  and  devices   367  1.954  2.477 

Par!  o<  the  class  532  570  series— organic  compounds   568  1 .569  2.475 

Chemrstry.  inorganic    423  1.300  2.465 

Rt-gisters    235  2.173  2.302 

Electricity  circui!  makei-s  and  breakers    200  0.604  2.246 

Aeronautics    244  1.609  2.092 

land  vehicle    280  0.697  2.090 

Movable  or  removable  closures   49  0.524  2.076 

Catalyst  solid  sorbenl.  or  support  ..lerefore.  product   502  0.883  2.069 

Part  ot  the  class  532-570  series— organic  compounds   536  0.797  2.025 

PuKe  or  digital  communications    375  3.575  1.976 

Drug  bio  altecting  and  body  treating  compositions    514  2.045  1.916 

Meiai  founding    164  2.043  1.916 

Chemistry  lignms  or  reaction  products  thereof   530  0.921  1.796 

Harvesters    56  1.400  1.790 

Mineral  oils  Processes  and  products   208  0.357  1 .690 

Process  disinfecting,  deodonzing.  preserving  or  sterilizing   422  0.653  1.606 

Drug  bio  affecting  and  body  treating  compositions   424  1.666  1.598 

Metal  trfatment    148  1.060  1.576 

Electricity,  electrical  systems  and  devices    361  0.646  1 .543 

Electnc  lamp  and  discharge  devices   313  0.503  1.496 

ot  the  class  520  series-  synthetic  resms  or  natural  rubber   526  1 .363  1 .470 

Multiplex  communications    370  3.505  1.448 

Amplifiers    330  1.255  1.431 

Chairs  and  seats    297  1,273  1.430 

Error  detection  correction  and  fault  detection  recovery   371  0.827  1  406 

Prothesis  II  e  .  artificial  body  members),  parts  or  aid   623  1.277  1.378 

Part  of  the  class  520  series— synthetic  resins  ornatural  rubber   528  1.106  1.363 

Electricity,  motive  power  systems   318  0.819  1.359 

Electric  lamp  and  discharge  devices,  systems   315  1 .583  1 .353 

Codt^d  data  generation  or  conversion    341  1.427  1.312 

Joints  and  connections    403  1.011  1.310 

Clutches  and  power-stop  control    192  0.359  1.304 

Optics  measuring  and  testing    ..    356  1.058  1.302 

Adhesive  bonaing  and  miscellaneous  chemical  manufacture   156  0.949  1.296 

Abrading    51  1.062  1.295 

bloclricat  generator  or  motor  structure    310  1.193  1.264 

Powprclants    60  1.221  1.262 

Composit'Or>s    252  1.159  1.252 

P,K:Kage  making    53  0.883  1.248 

Part  of  the  class  532-570  series— organic  compounds   549  1 .872  1 .246 

NOT^  T»>.  ;ic''vify  tf  cl*'«  the  perCf^ntage  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
•ivHf!tjr'.  I'oni    ii  ccijnjfy  .n  tti.ii  year  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countnes  in  1 991 . 

.sOi  iRv'.F  Of<u:e  .•)!  infornnation  5y<;{pms  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report.  Corporate  Patenting  1991.  "  report  prepared  for 
'Liiior-.i- Sc  unce  Fcundat'on  (War.hington  DC  Sept  1992) 
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Appendix  table  6-18. 

Patent  classes  most  emphasized  by  inventors  from  Great  Britain  patenting  in  tlie  United  States:  1981  and  1991 

Activity  index 

Patent  class  Class  number  1 981  1 991 


Drug,  bio-affecting  and  body  treating  compositions    514  2.899  2.988 

Joints  and  connections   403  1.926  2.702 

Chemistry,  fertilizers   71  1.798  2.698 

Metal  fusion  bonding   228  1  370  2.416 

Optical  waveguides   385  1.254  2.388 

Aeronautics   244  0.511  2.158 

Part  of  the  class  532-570  series— organic  compounds   548  1 .302  2.042 

Pulse  or  digital  communications   375  1.376  2.038 

Drug,  bio-affecting  and  body  treating  compositions   424  2.302  2.007 

Wells   166  0.559  1.976 

Brakes   188  2.003  1.958 

Conveyers,  power-driven   198  2.193  1.928 

Glass  manufacturing   65  1 .075  1 .909 

Compositions   252  1.839  1.901 

Communications,  directive  radio  wave  systems  &  devices   342  1.390  1  900 

Geometrical  instruments   33  0.550  1 .897 

Pictorial  communication;  television   358  1.219  1.812 

Pipe  joints  or  couplings   285  1.296  1.685 

Hydraulic  and  earth  engineering   405  1.452  1.664 

Catalyst,  solid  sorbent.  or  support  therefore,  product   502  1 .047  1 .622 

Electric  heating   219  1.121  1.616 

Part  of  the  class  532-570  series— organic  compounds   549  0.969  1 .607 

Metallurgy   75  0.881  1.558 

Chemistry,  electrical  current  producing  apparatus,  product  and  process   429  0.868  1 .538 

Power  plants   60  1.724  1.532 

Sheet  feeding  or  delivering   271  0.467  1.403 

Measuring  and  testing   73  0.974  1 .383 

Compositions,  coating  or  plastic   106  1.562  1.355 

Pumps   417  2.283  1.353 

Part  of  the  class  520  series—synthetic  resins  or  natural  rubber   523  1 .079  1 ,347 

Metal  deforming   72  1 .372  1 .341 

Part  of  the  class  532-570  series— organic  compounds   556  1 .376  1  .o40 

Electric  lamp  and  discharge  devices,  systems   315  1 .340  1 .309 

Cutlery   30  0.558  1.286 

Optics,  measuring  and  testing   356  1 .343  1 .279 

Chemistry,  inorganic     423  1  468  1 .235 

Optics,  systems  (including  communication)  and  elements   359  0.618  1.231 

Coded  data  generation  or  conversion   341  0.302  1.218 

Communications,  electrical   340  1.486  1.195 

Coating  processes   427  0.998  1.193 

Registers   235  0.460  1.187 

Surgery   604  0.427  1.180 

Locks   70  0.411  1.172 

Part  of  the  class  532-570  series— organic  compounds   564  0.764  1 .167 

Radiant  energy   250  1.724  1.165 

Chemistry:  Molecular  biology  and  microbiology   435  0.677  1.152 

Static  structures,  e  g..  buildings   52  0.554  1  152 

Amplifiers   330  0.886  1.148 

Chemistry,  electrical  and  wave  energy   204  1 .257  1 .131 

Electricity,  measuring  and  testing   324  1  -313  1-1 15  

NOTES-  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  \M  country  in  that  year  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991 
SOURCE.  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report.  Corporate  Patenting  1991 report  prepared  for 
the  National  Science  Foundation  (Washington.  DC-  Sept  1992). 
3e  text  table  6-  2  Science  &  Engineering  Indicators  -  1993 


Er|c  608 


462  ♦ 


Appendix  A.  Appendix  Tables 


Appendix  table  6-19. 

Patent  classes  most  emphasized  by  inventors  from  Taiwan  patenting  in  the  United  States:  r«r81  and  1991 

Activity  index 

Patent  class 

Locks   

Superconductor  technology:  Apparatus,  material,  process  

Closure  fasteners  

Metallurgy  


Electrical  connectors  

Brushing,  scrubbing  and  genera!  cleaning. 

Metal  deforming  

Illumination  


Classification  undetermined. 


Movable  or  removable  closures 
Stoves  and  furnaces  


Tools  

Electnc  power  conversion  systems.  .  .  . 

Brakes  

Metal  fusion  bonding  

Communications,  electrical  

Supports,  racks  

Fishing,  trapping  and  vermin  destroying 
Part  of  the  class  520  series— synthetic  re 
Part  of  the  class  520  series—synthetic  re 
Chairs  and  seats  

Mineral  oils:  Processes  and  products  .  . 
Electrical  audio  signal  processing  and  sy 
Radiation  imagery  chemistry — process,  c 
Machine  elements  and  mechanisms.  .  . 
Part  of  the  class  532-570  series— organic 


Amusement  devices. 
Package  making .  .  . 


Class  number 

1981 

1991 

70 

0.000 

9.401 

505 

0.000 

9.401 

292 

0.000 

8.735 

75 

31.320 

8.197 

272 

0.000 

8.062 

437 

0.000 

7.093 

174 

0.000 

5.818 

200 

0.000 

5.420 

371 

0.000 

5.089 

439 

0.000 

4.721 

15 

0.000 

4.572 

72 

19.517 

4.345 

362 

0.000 

4.342 

379 

0.000 

4.089 

417 

0.000 

4.069 

425 

0.000 

3.834 

341 

0.000 

3.799 

1 

0.000 

3.571 

375 

0.000 

3.179 

248 

0.000 

3.138 

242 

0.000 

3.073 

423 

9.787 

3.059 

49 

0.000 

2.732 

126 

0.000 

2.732 

446 

28.350 

2.732 

81 

0.000 

2.654 

363 

0.000 

2.568 

188 

0.000 

2.499 

228 

0.000 

2.422 

340 

10.229 

2.396 

211 

0.000 

2.360 

43 

0.000 

2.201 

523 

0.000 

2.1 01 

525 

0.000 

2.075 

297 

0.000 

2.070 

208 

0.000 

2.039 

381 

0.000 

1.887 

4oU 

U.UUU 

1  .obU 

74 

0.000 

1.781 

568 

0.000 

1.558 

239 

0.000 

1.464 

501 

0.000 

1.426 

273 

0.000 

1.406 

53 

0.000 

1.390 

220 

0.000 

1.314 

318 

0.000 

1.311 

315 

0.000 

1.224 

369 

0.000 

1.175 

365 

0.000 

1.170 

310 

0.000 

1.144 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991 . 

SOURCE:  Office  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  "Counlry  Activity  Index  Report.  Corporate  Patenting  1991 report  prepared  for 
the  National  Science  Foundation  (Washington.  DC;  Sept.  1992). 
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Appendix  table  6-20. 

Patent  classes  most  emphasized  by  inventors  from  South  Korea  patenting  in  the  United  States:  1981  and  1991 


Patent  class 


Class  number 


Electric  lamp  and  discharge  devices   313 

Semiconductor  device  manufacturing  process.  .  .    437 

Static  information  storage  and  retrieval   3^5 

Telephonic  communications   379 

Pictorial  communication;  television   358 

Electrical  transmission  or  interconnection  systems   307 

Dynamic  magnetic  information  storage  or  retrieval   360 

Pulse  or  digital  communications   375 

Electric  heating   219 

Gas  separation   55 

Registers   235 

Joints  and  connections   403 

Multiplex  communications    370 

Electric  lamp  and  discharge  devices,  systems   315 

Active  solid  state  devices,  e.g..  transistors,  solid  state  diodes    357 

Error  detection  correction  and  fault  detection  recovery   371 

Sheet  feeding  or  delivering   271 

Metal  fusion  bonding   228 

Refrigeration   62 

Winding  and  reeling  


242 


Telecommunications  

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber. 

Electrical  audio  signal  processing  and  systems  

X-ray  or  gamma  ray  systems  or  devices  

Optics,  systems  (including  communication)  and  elements  .    .  . 


Dynamic  information  storage  or  retrieval    

Metal  treatment  

Typewriting  machines   •     

Electricity,  electrical  systems  and  devices  

Compositions  &  Ceramic   501 


455 
528 
381 
378 
359 

369 
148 
400 
361 


Metallurgy  

Stoves  and  furnaces  ...  , 
Amusement  devices,  toys 

Land  vehicle  

Tools  


Electricity,  motive  power  systems  

Part  of  the  class  532-570  series—organic  compounds  . 

Chemistry.  Analytical  and  immunological  testing  

Communications,  electrical  

Part  of  the  class  532-570  series—organic  compounds  . 


Amplifiers     •  ■ 

Coating  processes   

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber. 

Chairs  and  seats     

Special  receptacle  or  package  


Coded  data  generation  or  conversion 
Electricity,  circuit  makers  and  breakers  . 
Animal  husbandry.  ... 
Machine  elements  and  mechanisms. 
Amusement  devices,  games  .  . 


75 
126 
446 
280 


318 
560 
436 
340 
556 

330 
427 
523 
297 
206 

341 
200 
119 
74 
273 


Activity  index 
1981  1991 


0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0  000 

0.000 
25.612 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0  000 
0  000 

0.000 
0  000 
0.000 
0.000 
0.000 


21.374 
10.194 
9.010 
6.995 
6.528 

6.517 
6.131 
4.079 
3.741 
3.726 

3.666 
3.650 
3.310 
3.142 
2.659 

2.612 
2.527 
2.486 
2.463 
2.366 

2.260 
1.947 
1.937 
1.873 
1.867 

1.810 
1.802 
1.752 
1.496 
1  464 

1  402 
1.402 
1.402 
1.380 
1.362 

1.346 
1.265 
1.243 
1.230 
1.206 

1.181 
1.172 
1.078 
1.062 
1.001 

0  975 
0.927 
0.918 
0.914 
0.722 


NOTES  The  activly  inde?.  is  the  perc^^ntage  of  the  patents  m  a  do'^s  lhal  are  gtanted  to  invenlcrs  from  on^^  country  divided  by  the  pfrcentagc-  ol  all  patents  that  have 
inv'-ntors  from  that  counfy  m  lh<it  y(Mr  List-ng  ir.  i-nnted  lo  Patent  <ind  Trademark  Office  classes  !hat  received  at  least  200  patents  from  all  counine^  m  1991 
SOlJRCL-  Office  of  Intormaton  SystM^s  TAF  Program  Potent  and  Trademark  Office  for  Mie  National  SciencM  Foundat-on  (Washington  DC  Sop!  1992i 
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Appendix  table  6-22. 

Number  of  international  patent  families  in  robot  technology,  by  year  of  patent  application 
and  priority  country:  1980-90 


Total 

Total   3,264 

1980    117 

1981   152 

1982    219 

1983   301 

1984    333 

1985    356 

1986    382 

1987    371 

1988    428 

1989    308 

1990    298 


United 
States 


Japan 


West 
Germany 


Priority  country 

Great 
Britain 


East 

South 

France 

Germany 

Korea 

OD 

1  \j 

14 

0 

NA 

28 

10 

NA 

12 

0 

NA 

26 

10 

NA 

24 

0 

0 

50 

5 

0 

46 

5 

0 

42 

5 

2 

76 

15 

0 

42 

5 

5 

38 

0 

3 

761 

21 
31 
52 
88 
57 
88 
109 
78 
98 
67 
72 


1,280 

52 
41 
114 
109 
145 
124 
145 
161 
150 
109 
130 


561 

26 
26 
26 
52 
79 
63 
63 
58 
68 
58 
42 


197 

4 
15 
15 
16 
28 
25 
14 
26 
19 
22 
13 


NA  =  not  available 

NOTES:  An  international  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  priority  country.  Data  are  estimated  from  stratified 
random  sampling  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  DenA^ent  Publications,  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 


See  figure  6-23. 
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Appendix  table  6-23. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  robot  technology,  by  priority  country:  1981-90 


Number  of 

Country 

Country 

Number  of 

highly  cited 

share  of 

share  of 

Citation 

Priority  country 

families 

families' 

total 

highly  cited 

ratio^ 

Percent 

1981-85  period 

Total  

United  States  .  . 

Japan   

West  Germany . 
Great  Britain.  .  . 

France  

East  Germany  . 
South  Korea.  .  . 


3.891 

53 

100.0 

100.0 

1.0 

745 

5 

19.1 

9.6 

0.5 

1.606 

36 

41.3 

67.5 

1.6 

472 

5 

12.1 

9.8 

0.8 

172 

1 

4.4 

1.9 

0.4 

266 

6 

6.8 

11.2 

1.6 

612 

0 

15.7 

0.0 

0.0 

18 

0 

0.5 

0.0 

0.0 

1986-90  period 


Total  

5,539 

64 

100.0 

100.0 

1.0 

United  States  

1.061 

26 

19.2 

40.5 

2.1 

Japan   

2.533 

26 

45.7 

40.5 

0.9 

West  Germany  

803 

5 

14.5 

8.2 

0.6 

Great  Britain  

148 

1 

2.7 

1.6 

0.6 

France  

425 

6 

7.7 

9.4 

1.2 

East  Germany  

546 

0 

9.9 

0.0 

0.0 

South  Korea  

23 

0 

0.4 

0.0 

0.0 

'A  patent  fanruly  was  considered  highly  cited  if  the  number  of  citations  it  received  ranked  it  wtthin  the  top  1  percent  compajed  with  all  other  robot 
technology  patent  families. 

citation  ratio  of  greater  than  1 .0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  would  be  expected  based  on  its 
share  of  total  families. 

SOURCE:  World  Patents  Index  database  (London  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 

See  text  table  6-5. 
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Appendix  table  6-24. 

Number  of  International  patent  families  in  genetic  engineering^  by  year  of  patent  application 
and  priority  country:  1980-90 


Priority  country 


United 

West 

Great 

East 

South 

Total 

States 

Japan 

Germany 

Britain 

France 

Germany 

Korea 

Total 

2  415 

1,392 

489 

197 

230 

95 

6 

6 

1930 

25 

18 

3 

0 

4 

0 

0 

0 

1981 

48 

21 

17 

3 

6 

1 

0 

0 

1982  

87 

64 

8 

4 

10 

1 

0 

0 

1983  

129 

73  > 

36 

5 

12 

2 

1 

0 

1984. 

185 

109 

52 

9 

11 

3 

1 

0 

1985  

229 

141 

51 

16 

16 

5 

0 

0 

1986 

206 

97 

57 

17 

20 

11 

1 

3 

1987 

212 

124 

41 

22 

15 

9 

0 

1 

1988 

370 

206 

59 

39 

46 

17 

2 

1 

1989 

483 

273 

85 

43 

54 

26 

1 

1 

1990 

441 

266 

80 

39 

36 

20 

0 

0 

NOTES:  An  international  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  priority  country.  Data  are  estimated  from 
stratified  random  sample  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications,  LTD),  special  tabulations  by  fVlogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 

See  figure  6-24.  Science  &  Engineering  indicators  - 1993 


Appendix  table  6-25. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  genetic  engineering, 
by  priority  country:  1981-90 


Number  of             Country  Country 
Number  of           higfily  cited             sfiare  of              sfiare  of  Citation 
Priority  country  families  families^  total  highly  cited  ratio^ 

    -  Percent     - 


1981-85  period 


Total   1.036  11  100.0  100.0  1.0 

United  States   530  8  51.2  727  1,4 

Japan   373  2  36.0  18.2  0.5 

West  Germany   40  0  3.9  0.0  0,0 

Great  Britain   57  1  5.5  9,1  1.7 

France   17  0  1.6  0.0  0.0 

East  Germany   19  0  1.8  9.8  0.8 

South  Korea   NA  NA  NA  NA  NA 


1986-90  period 


Total   3.020  35  100.0  100.0  1.0 

United  States   1.125  23  37,3  65.7  1.8 

Japan   1.317  6  43.6  17.1  0.4 

West  Germany   196  0  6.5  0.0  0.0 

Great  Britain   184  5  6.1  14,3  2.3 

France   99  1  3.3  2.9  0.9 

East  Germany   64  0  2.1  0.0  0.0 

South  Korea   35  0  1.2  0.0  0_0 


NA  =  not  available 

•A  patent  iaimly  v.'a*^  considered  fiighly  cited  if  the  number  of  citations  it  received  ranked  it  within  the  top  1  percent  compared  with  all  other  genetic 
engineering  patent  families. 

?A  Citation  ratio  of  greater  than  1 .0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  would  be  expected  based  on  its 
share  of  total  families. 

SOURCE.  World  Patents  Index  database  (London  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 

See  text  table  6-8.  Science  &  Engineering  Indicators  - 1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-26. 

Number  of  international  patent  families  in  optical  fiber  technology,  by  year  of  patent  application 
and  priority  country:  1980-90 


Priority  country 


United 

West 

Great 

East 

South 

Total 

States 

Japan 

Germany 

Britain 

France 

Germany 

Korea 

Tntal 

\  .Of  c. 

ooy 

O  1  0 

1  DO 

1  OO 

1 0 

6 

1980  

61 

23 

14 

10 

5 

9 

0 

NA 

1981  

95 

32 

39 

10 

9 

5 

0 

NA 

1982  

104 

37 

42 

12 

6 

7 

0 

NA 

1983  

114 

35 

39 

22 

11 

6 

0 

1 

1984  

145 

37 

69 

17 

12 

8 

0 

2 

1985  

195 

46 

72 

44 

22 

10 

1 

0 

1986  

.    .  176 

51 

67 

34 

17 

6 

1 

0 

1987  

236 

59 

102 

35 

15 

20 

5 

0 

1988  

.    .  251 

71 

81 

48 

30 

20 

1 

0 

1989  

234 

83 

74 

38 

19 

16 

2 

2 

1990  

261 

85 

85 

45 

19 

26 

0 

1 

NA  =  not  available 

NOTES:  An  international  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  priority  country.  Data  are  estimated  from  stratified 
random  sample  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under 
contract  to  the  National  Science  Foundation. 

See  figure  6-25.  Saence  &  Engineering  Indicators  -  1993 


Appendix  table  6-27. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  optical  fiber  technology, 
by  priority  country:  1981-90 


Number  Country 
Number  of  of  highly  cited      Country  share         share  of  Citation 


Priority  country  families  families^  of  total  highly  cited  ratio' 


Percent 

1981-85  period 


Total     2.043  22  100.0  100.0  1.0 

United  States    368  8  18.0  36.4  2.0 

Japan   1.299  12  63.6  54.5  0.9 

West  Germany   175  1  8.6  4.5  0.5 

Great  Britain   95  1  4.7  4.5  1.0 

France   66  0  3.2  0.0  0.0 

East  Germany   37  0  1.8  0.0  0.0 

South  Korea   3  0  0.1  0.0  0.0 


1986-90  period 


Total   4.717  79  100.0  100.0  1.0 

United  States   718  31  15.2  39.2  2.6 

Japan   3.245  25  68.8  31.6  0.5 

West  Germany   389  7  8.2  8.9  1.1 

Great  Britain   169  10  3.6  12.7  3.5 

France   125  6  2.6  7.6  2  9 

East  Germany   66  0  1.4  0.0  0.0 

South  Korea   5  0  0.1  0.0  0.0 


'A  patent  family  was  considered  highly  cited  if  the  number  of  citations  it  received  ranked  it  within  the  top  1  percent  compared  with  all  other  optical  fiber 
technology  patent  families 

*^A  citation  ratio  of  greater  than  1  0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  would  be  expected  based  on  its 
Share  of  total  families 

SOURCE-  World  Patents  Index  database  (London  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under 
contract  to  the  National  Science  Foundation 

See  text  table  6-11.  Science  3  Engineering  Indicators  -1993 
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Appendix  table  6-30. 

Leading  indicators  of  technological  competitiveness  for  selected  Asian  countries 


Country 

National 
commitment 

Socioeconomic 
infrastructure 

Technological 
infrastructure 

Productive 
capacity 

Newly  industrializing  economies 

Hong  Kong  

South  Korea  

Taiwan  

1.254 
0.924 
0.983 
0.921 

 Standardized  Z  score  

0.949  (0.002) 
0.893  1.126 
0.826  1.086 
1.170  1.226 

0.273 
1.065 
1.023 
1 .159 

Emerging  Asian  economies 

China  

India  

Indonesia  

Malaysia  

(1.214) 
(0.425) 
(0.847) 
0.385 

(1.411) 
(1.682) 
(0.566) 
(0.263) 

0.384 
0.275 
(1.160) 
(0.368) 

(0.534) 
0.227 

(1.764) 
0.380 

Other  Asian  economies 

The  Philippines  

Thailand  

(1.364) 
  (0.616) 

(0.179) 
(0.094) 

(1 .443) 
(1,124) 

(0.652) 
(1.176) 

NOTE:  Scores  were  normalized  to  median  values  of  zero  for  the  10  countries,  based  on  surveys  of  expert  opinion  conducted  in  1990  and 
statistical  data  for  the  late  ".gSOs. 

SOURCE:  J.  David  Roessner.  The  Capacily  for  Modernization  Among  Selected  Nations  of  Asia  and  the  Pacific  Rim,  final  report  prepared  for 
Joint  Management  Services.  Inc.  (Atlanta:  Georgia  Institute  of  Technology.  1992). 


See  figure  6-27.  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-1 . 

Public  interest  in  selected  issues:  1979-92 


issue  area 

Degree  of  interest 

1979 

1981 

1983 

1985 

1938 

1990 

1992 

Percent 

Very  

22 

35 

30 

33 

33 

48 

38 

International  and  foreign  policy 

Moderately  

53 

47 

47 

51 

50 

40 

47 

Not  at  all  

24 

18 

22 

16 

16 

12 

15 

Very  

36 

37 

48 

44 

43 

39 

36 

New  scientific  discoveries 

Moderately  

49 

45 

40 

44 

46 

48 

49 

Not  at  all  

14 

17 

11 

12 

12 

12 

15 

Use  of  new  inventions  and 

Very   

33 

33 

42 

39 

40 

39 

37 

technologies 

Moderately  

51 

50 

45 

49 

48 

49 

53 

Not  at  all  

15 

16 

12 

12 

12 

12 

10 

Very  

NA 

25 

27 

29 

34 

26 

22 

Space  exploration 

Moderately  

NA 

44 

45 

46 

44 

48 

50 

Not  at  all  

NA 

31 

28 

25 

22 

26 

28 

Very  

46 

50 

39 

36 

38 

42 

32 

Energy/nuclear  power' 

Moderately  

42 

40 

46 

50 

46 

44 

49 

Not  at  all  

11 

10 

14 

13 

16 

14 

18 

Very  

NA 

NA 

NA 

68 

75 

68 

66 

New  medical  discoveries 

Moderately  

NA 

NA 

NA 

29 

25 

29 

31 

Not  at  all  

NA 

NA 

NA 

3 

3 

3 

3 

Very  

NA 

NA 

NA 

NA 

NA 

64 

59 

Environmontal  pollution 

Moderately  

NA 

NA 

NA 

NA 

NA 

31 

36 

Not  at  all  

NA 

NA 

NA 

NA 

NA 

5 

5 

Economic  issues  and  business 

Very  

35 

52 

57 

48 

48 

50 

56 

conditions 

Moderately  

48 

37 

33 

41 

42 

40 

36 

Not  at  all  

17 

10 

10 

11 

10 

10 

8 

N  = 

1.635 

3.195 

1.631 

2.005 

2.041 

2,033 

2.001 

There  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  keep  up  v/ith  every  area.  I'm  going  to  read  you  a  short  fist  of  issues  and  for  each  one—as  I  read  it— I  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested  " 

NA  =  not  asked 

NOTES;  "Don't  know"  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

'In  1988.  1990.  and  1992.  the  question  was  worded, ".  .  .  issues  about  the  use  of  nuclear  power  to  generate  electricity."  In  1979  to  1985.  the  question  was 
worded  '.    issues  about  energy  policy." 

SOURCES:  J.D.  Miller  and  L.K.  Pifer.  PudUc  Altitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  international  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7-1  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-3. 

International  comparisons  of  public  Interest  In  scientific  and  technological  Issues:  1 


Public  interest  in 


New  medical 
discoveries 


New  inventions 
and  technologies 


New  scientific 
discoveries 


992 


Environmental 
pollution 


-  Percent - 


Region/country 

European  Community  .  . 

Belgium  

Denmark  

France   

Germany  

Greece  

Ireland  

Italy  

Luxembourg  

The  Netherlands  

Portugal  

Spain  

United  Kingdom  

Japan  

United  States   

SOURCES-  Commission  of  the  European  Communities,  Europeans  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38.1  ]  (Brussels: 
Commission  of  the  European  Communities,  1993).  J.O.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology,  1979-1992.  Integrated  Codebook 
{Chicago:  Intemational  Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993),  and  National  Institute  of  Science  and  Technology 
Policy  (Japan),  Japan  National  Study  1991  (Tokyo:  NISTEP,  1992). 

See  figure  7-3  Science  &  Engineering  Indicators  - 1993 
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36 

28 

29 
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4d 

1  ,uuu 

39 

36 

O  1 

1  000 

58 

42 

46 

59 

1,000 

35 

25 

26 

55 

2,000 

55 

44 

46 

74 

1,000 

37 

30 

29 

39 

1,000 

45 

39 

45 

65 

1,000 

46 

36 

37 

63 

500 

57 

44 

41 

63 

1,000 

29 

21 

22 

37 

1,000 

39 

33 

37 

50 

1,000 

51 

39 

41 

50 

1.300 

31 

16 

13 

36 

1,457 

66 

37 

36 

59 

2,001 

ERIC 
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Appendix  table  7-4, 

Public  informedness  on  selected  issues:  1979-92 


♦  475 


Issue  area 


Degree  of  informedness 


1979 


1981 


1983 


1985 


1988 


1990 


1992 


International  and 
foreign  policy 


New  scientific  discoveries 


Use  of  new  inventions 
and  technologies 


Space  exploration 


Energy/nuclear  power ^ 


New  medical  discoveries 


Environmental  pollution 


Economic  issues  and 
business  conditions 


Very  well-informed   8  17  14 

Moderately  well-informed   54  54  51 

Not  at  all  informed   37  28  35 

Very  well-informed   10  13  13 

Moderately  well-informed   52  49  53 

Not  at  all  informed   37  38  34 

Very  well-informed   10  11  14 

Moderately  well-informed   50  48  55 

Not  at  all  informed   39  40  32 

Very  well-informed   NA  14  13 

Moderately  well-informed   NA  46  52 

Not  at  all  informed   NA  40  34 

Very  well-informed   18  23  19 

Moderately  well-informed   58  56  56 

Not  at  all  informed   23  21  24 

Very  well-informed   NA  NA  NA 

Moderately  well-informed   NA  NA  NA 

Not  at  all  informed   NA  NA  NA 

Very  well-Informed   NA  NA  NA 

Moderately  well-informed   NA  NA  NA 

Not  at  all  informed   NA  NA  NA 

Very  well-informed   14  29  28 

Moderately  well-informed   55  51  52 

Not  at  all  informed   31  20  20 


Percent 
15 


14 


22 


19 


53 

55 

57 

54 

32 

31 

22 

26 

13 

14 

14 

12 

59 

55 

55 

54 

27 

31 

31 

34 

12 

12 

1 1 

10 

54 

51 

53 

56 

34 

36 

35 

33 

16 

13 

1 1 

9 

52 

52 

51 

48 

32 

34 

38 

44 

16 

13 

12 

10 

55 

47 

50 

43 

29 

39 

38 

46 

24 

22 

24 

22 

57 

59 

57 

58 

18 

19 

20 

21 

NA 

NA 

32 

29 

NA 

NA 

55 

56 

NA 

NA 

13 

15 

22 

22 

25 

29 

51 

55 

55 

54 

26 

22 

20 

17 

N  = .  .  1 ,635 


3.195 


1,631 


2,005 


2.041 


2,033 


2.001 


"There  are  a  lot  of  issues  in  (he  news  and  it  is  hard  to  keep  up  with  every  area,  rm  going  to  read  you  a  short  fist  of  issues  and  for  each  one—as  /  read  it— I  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested. 

"Now,  Vd  like  to  go  through  this  list  with  you  again  and  for  each  issue  I'd  like  you  to  tell  me  if  you  are  very  well-informed,  moderately  well-informed,  or  poorly  informed. " 
NA  =  not  asked 

NOTES:  "Don't  know"  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

'In  1988. 1990.  and  1992.  the  question  was  worded  *.  . .  issues  about  the  use  of  nuclear  power  to  generate  electricity."  In  1979  to  1985.  the  question  was  worded 
'*. .  .  issues  about  energy  policy." 

SOURCES:  J.D.  Miller  and  L.K  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Iniegrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-1 .  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-6. 

International  comparisons  of  public  informedness  on  scientific  and  technological  issues:  1992 


Percent  'Very  well  informed"  about 

New  medical  New  inventions  New  scientific  Environmental 

Region/country  discoveries  and  technologies  discoveries  pollution  N 


■  Percent  - 


European  Comrn unity  . 

12 

9 

9 

25 

1 2,800 

Belgium  

14 

1 1 

9 

24 

1,000 

1 1 

12 

1 1 

97 

1  nnn 

France  

20 

14 

16 

30 

1.000 

Germany  

10 

7 

7 

26 

2.000 

Greece  

11 

8 

8 

29 

1.000 

Ireland  

8 

8 

7 

14 

1.000 

Italy  

11 

9 

9 

28 

1,000 

Luxembourg  

16 

13 

13 

34 

500 

The  Netherlands  

15 

12 

10 

31 

1.000 

Portugal  

6 

4 

4 

14 

1,000 

Spain  

7 

7 

6 

16 

1.000 

United  Kingdom  

13 

11 

10 

23 

1.300 

Japan  

5 

2 

2 

8 

1,457 

United  States  

22 

10 

12 

29 

2.001 

Tftere  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  lieep  up  with  every  area.  I'm  going  to  read  you  a  short  list  of  issues  and  for  each  one-as  I  read  it-l  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested. " 

"Now  I'd  tike  to  go  through  this  list  with  you  again  and  for  each  issue  I'd  like  you  to  tell  me  if  you  are  well-informed,  moderately  well-informed,  or  poorly  informed. " 

SOURCES:  Commission  of  the  European  Communities.  Europeans.  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38.1]  (Brussels: 
Commission  of  the  European  Communities.  1993).  J.D.  Miller  and  L.K.  Piter.  Public  Attitudes  Toward  Science  and  Technology,  1979-1992,  Integrated  Codebook 
(Chicago:  International  Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  National  Institute  of  Science  and  Technology 
Policy  (Japan).  Japan  National  Study.  1991  (Tokyo:  NiSTEP.  1992) 

See  figure  7-4.  Science  &  Engineering  Indicators  -1993 
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Appendix  table  7-7, 

Public  attentiveness  to  selected  issues:  1979-92 


Issue  area 

Degree  of  attentiveness 

1979 

1981 

1983 

1985 

1988 

1990 

1992 



 Percent  - 

....  6 

6 

8 

8 

8 

1 4 

1  1 

International  and 

Interested  public  

16 

29 

23 

25 

25 

34 

27 

foreign  policy 

78 

65 

70 

67 

67 

52 

62 

7 

9 

9 

8 

8 

8 

7 

New  scientific 

29 

'  28 

40 

36 

34 

31 

29 

discoveries 

64 

63 

52 

56 

57 

61 

64 

Use  of  new  inventions 

6 

8 

8 

8 

7 

7 

6 

snd  technolonip<=? 

Interested  public  

27 

26 

34 

31 

33 

32 

30 

Residual  

67 

67 

58 

61 

60 

61 

63 

Attentive  public  

9 

12 

13 

12 

1 1 

1 1 

10 

firlpnrp  snri  tpchnolnnv 

Interested  public 

37 

35 

48 

44 

42 

40 

40 

Residual  

54 

54 

39 

45 

46 

49 

50 

Attentive  public  

  NA 

7 

7 

9 

8 

6 

5 

Space  exploration 

Interested  public  

NA 

18 

20 

20 

26 

20 

17 

Residual  

NA 

75 

73 

71 

66 

74 

78 

  NA 

NA 

15 

NA 

8 

8 

6 

Energy  nuclear  power^ 

Interested  public  

NA 

NA 

25 

NA 

30 

34 

26 

Residual  .   

NA 

NA 

61 

NA 

62 

58 

68 

Attentive  public  

  NA 

NA 

NA 

17 

16 

16 

17 

Wpw  mpdical  discoveries 

lrf(erested  public  

NA 

NA 

NA 

51 

56 

52 

49 

Rosidual                ■  ■  ■ 

  NA 

NA 

NA 

32 

28 

32 

34 

Attentive  public  

  NA 

NA 

NA 

NA 

NA 

20 

18 

Environmental  pollution 

Interested  public  

NA 

NA 

NA 

NA 

NA 

43 

41 

  NA 

NA 

NA 

NA 

NA 

36 

41 

Economic  issues  and 

Attentive  public  

9 

12 

19 

16 

15 

17 

19 

business  conditions 

Interested  public  

26 

40 

38 

32 

33 

34 

38 

  65 

48 

43 

52 

52 

50 

44 

N=  1.635 

3.195 

1.631 

2.005 

2,041 

2.033 

2,001 

NA  =  not  available 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'In  1988,  1990.  and  1992.  respondents  were  asked  about  their  interest  in.  and  informedness  on  .  issues  about  the  use  of  nuclear  power  to  generate  electricity."  In 
1979  to  1985.  they  were  asked  about "  . .  issues  about  energy  policy." 

SOURCES:  J.D  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  tor  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993).  and  unpublished  tabulations. 

See  fiaure  7-1  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-9. 

Public  use  of  selected  sources  of  information:  1992 


Sex  level  of  education 


Ail  adults 


News  Science 
Newspaper     magazine  magazine 


56 


28 


TV  news 


Percent 


95 


Radio 
news 


64 


Public 
library 


42 


2,001 


Ma  if 
Fen>aie 


63 
50 


30 
26 


12 
6 


95 
94 


66 
63 


37 
46 


950 
1.051 


f  orrp.l'  oflucai'on 
/Orifs  or  less 
10  {»f  11  years 

Hiqn  scnool  degree  -  - 

College  aeg'^ee 

G^a-luate  prolessionai  degree 

Sripp(  /  main  edjca1ior< 

'.I'ddif' 
High 

Attcnt.vOncsi:  ic  'oC  once  technology  policy 

I'MOresied  puoi.c 
Rf-sidiiai 


44 
51 
5b 
59 
70 


53 
58 
62 


76 
53 
54 


22 
27 
43 
44 


20 
36 
42 


44 


2 
7 
9 
13 
14 


17 


26 
9 
5 


97 
94 
95 
94 
94 


95 
95 

93 


93 
96 
94 


51 
58 
66 
67 
75 


61 

69 


63 
65 

64 


21 
22 
42 
60 
65 


30 
52 


58 
41 

39 


196 
207 
1.202 
235 
161 


1,175 
467 
358 


199 
802 
999 


/  £7  ■•  'i 

4  ric 


Kc  tc  rojd  ycu  H  short  i>st  of  television  shows  and  ask  you  to  tell  me  whether  you  watch  each  show  regularly— that  is.  most  of  (he  time— occasionally,  or  no 
7-r  nQ  toiev's  on  news  shoiV  An  evening  television  news  show^A  late  night  television  news  show? 


,  o<^ws  shows'^ 

to  tell  me  how  many  times 
library:  How  many  times  did 


H:\\  .1.'^^"  ■■/-■»  v'Ot-  re.id  ci  nev^spapet  every  day  a  few  times  a  week  once  a  week,  or  less  than  once  a  week^ 
A'r  r^f*  ,i.-v  nhiqd^'invs  that  vou  read  regularly  that  is.  most  of  the  time'^  Are  there  any  others  that  you  read  occasionally'^ 
.  -      .U'^  anp       ,it^out  '>oiv  rr.inv  hours  \vouia  you  say  that  you  hsten  to  a  radio^  About  now  many  of  those  hours  are  news  reports 
N'     -f'  -v^  .7^A  you  about  your  use  of  museums  ?oos,  and  similar  mslituttons  I  am  going  to  read  you  a  short  list  of  places  and  ask  you 
i,H;  ^      J  e.Kn  type  of  place  dunng  the  last  year,  that  is.  the  last  12  months.  It  you  did  not  visit  any  given  place,  just  say  none.  A  public  I 
:     .  'h'!  t      ncj  f^r  'ast  year"* 
•jOf  H  S  Oo-  I  Knov-  lebpoi'.ses  ato  not  included  P'ercentages  may  not  total  100  because  of  rounding. 

SOURCES  JD  M.iie'dnciLK  P.ff-r  Pubhc  Attitudes  Toward  Soence  and  Technology.  1979-1992.  Integrated  Codebook  iCh\cago:  \r\\ernaUona\  CeoXer  iorlhe 
ir-r--*'-v    Sr.pntthc  Litctacy  Cr.'cago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 
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Appendix  table  7-10. 

Primary  sources  of  information  about  healtli:  1992 

Sex,  level  of  education,  and  attentiveness  TV  Newspapers  Doctors  Magazines  N  

  Percent   - 

Ail  adults                                                32                       19                      14  13  3.111 

Sex 

Male                                                     31                       22                      14  10  1.490 

Female                                                33                       16                      16  15  1.621 

Formal  education 

9  years  or  less                                         33                        7                      25  7  346 

10  or  11  years                                          30                       10                      25  9  338 

High  school  degree                                   35                       20                      12  13  1,818 

College  degree                                       25                      26                       9  13  414 

Graduate/professional  degree                       23                      21                      12  27  195 

Science/math  education 

Low                                                         34                         15                        17  12  1.743 

Middle                                                  32                       23                      10  11  853 

High                                                     22                       24                      12  19  515 

Attentiveness  to  science/technology  policy 

Attentive  public                                        24                       14                      16  16  247 

Interested  public                                       32                       19                      14  13  1,261 

Residual   33  19  15  12  1.601 

"Now,  let  me  ask  you  to  think  about  news  or  information  about  health  and  medicine.  What  is  your  most  important  source  of  information  about  health  and  medicine?" 
NOTES:  "Don't  know"  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

SOURCES:  J.D.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology,  1979-1992.  Integrated  Codebook  (Chicago:  international  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-7.  Science  &  Bngmeenng  Indicators  - 1993 
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Appendix  table  7-1 1 . 

Comparisons  of  public  levels  of  trust  in  news  sources  for  selected  health  issues:  1992 


Sex.  level  of  education,  and  attentiveness 

A 

B 

C 

D 

E 

F 

G 

N 

•  -                    Percentage  with  a  high  level  of  trust  

Heart  disease 

AM  adults  

16 

46 

28 

12 

76 

54 

67 

1.483 

Sex 

Male  

15 

45 

26 

9 

77 

58 

66 

675 

Female  

18 

47 

31 

15 

75 

51 

67 

808 

Formal  education 

9  years  or  less  

26 

24 

36 

25 

62 

31 

48 

172 

1 0  or  11  years  

19 

50 

44 

20 

83 

44 

64 

153 

High  school  degree  

14 

49 

25 

10 

76 

86 

68 

854 

College  degree  

14 

48 

22 

6 

78 

64 

74 

211 

Graduate/professional  degree  

23 

45 

31 

6 

75 

74 

84 

94 

Science,' math  education 

Low  

17 

43 

32 

15 

74 

46 

61 

816 

Middle  

17 

55 

27 

10 

79 

59 

72 

432 

High  

14 

42 

19 

7 

75 

74 

77 

235 

Attentiveness  to  science  technology  policy 

Attentive  public  

15 

44 

26 

15 

80 

73 

73 

132 

Interested  public  

17 

48 

31 

11 

72 

58 

69 

572 

Residual  

16 

44 

27 

12 

78 

48 

64 

779 

Weight  loss 

All  adults  

8 

27 

17 

9 

69 

39 

56 

1,628 

Sex 

Male  

8 

26 

17 

5 

72 

38 

54 

815 

Female  

8 

28 

18 

14 

67 

40 

58 

813 

Formal  education 

9  years  or  less  

3 

8 

16 

13 

46 

28 

36 

174 

10  or  11  years  

12 

15 

23 

14 

57 

19 

47 

186 

High  school  degree  

7 

28 

18 

10 

73 

41 

58 

964 

College  degree  

13 

42 

18 

3 

77 

46 

69 

203 

Graduate/professional  degree  

6 

35 

4 

3 

81 

59 

67 

101 

Science^math  education 

Low  

7 

20 

20 

12 

64 

35 

49 

927 

Middle  

10 

31 

15 

6 

76 

42 

64 

421 

High  

9 

43 

13 

6 

79 

49 

67 

280 

Attentiveness  to  science  technology  policy 

Attentive  public  

12 

38 

22 

6 

71 

53 

70 

115 

Interested  public  

11 

29 

19 

11 

75 

46 

62 

690 

Residual  

5 

23 

16 

8 

64 

32 

49 

823 

Earlier  we  talked  about  the  sources  from  which  you  get  your  mformation  about  various  issues.  Now.  I  would  like  to  ask  you  to  tell  me  how  much  confidence  or  trust 
you  would  have  in  various  kinds  of  information  about  heart  disease  (losing  weight).  Let  me  read  you  a  short  list  of  news  sources  that  might  include  some  information 
about  fieart  disease  (losing  weight),  and.  for  each  one.  I  would  like  you  to  tell  me  if  you  have  a  high  level  of  confidence  in  information  from  that  source,  a  moderate 
level  of  confidence,  or  alow  level  of  confidence  " 


A  -  A  story  in  your  local  newspaper 
B  .-  An  article  in  Time  or  Newsweek 
C  -  A  story  on  the  evening  television  news 

D  ^  A  television  talk  show  like  the  Oprah  Winfrey  Shov/  or  the  Phil  Donahue  Shov/ 

E  -  A  conversation  with  your  physician 

F  -  An  article  by  a  scientist 

G  -  A  report  from  the  National  Institutes  of  Health 

NOTES.  Don't  know"  responses  are  not  included  Percentages  may  not  total  100  because  of  rounding. 

SOURCES  J.D.  Miller  and  L.K.  Ptfer.  Public  Attitudes  Toward  Science  and  Technology.  1979- 1992.  Integrated  Codebook  (Chicago  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations 

See  figure  7-8  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-1 3. 

Responses  to  and  mean  scores  on  the  Attitude  Toward  Organized  Science  Scale:  1983-92 


Agree  that  "science  and  technology  are  making  our  lives  healthier, 
easier  and  more  comfortable"  


1983 


84 


Agree  that  'the  benefits  of  science  are  greater  than  any 

harmful  effects"   57 

Disagree  that  "science  makes  our  way  of  life  change  too  fast" ....  50 

Disagree  that  "we  depend  too  much  on  science  and  not  enough 

on  faith"   43 


All  adults   2.3 


1985  1988  1990  1992 
 Percentage  of  public  

86  87  84  85 


68  76  72 

53  59  eO 

39  43  44 

 Mean  ATOSS  score  

2.5  2.7  2.6 


73 
63 

45 

2.7 


Sex 

Male.  . . 
Female. 


2.2 
2.5 


2.4 
2.6 


2.6 
2.8 


2.5 
2.8 


2.7 
2.6 


1.8 
2.6 
31 
31 


2.2 
2.8 
3.2 
31 


1.8 
2.7 
3.2 
3.2 


2.0 
2.7 
3.2 
3.3 


Formal  education 

1 1  years  or  less   1-8 

High  school  degree   2.4 

College  degree   2.8 

Graduate/professional  degree   2.9 

Attentiveness  to  science/technology  policy 

Attentive  public   2.6 

Interested  public   2.4 

Residual   2.1 

N=  1,631 

"Now  I  would  like  to  read  you  sjme  statements  like  those  you  might  find  in  a  newspaper  or  magazine  article.  For  each  statement,  please  tell  me  if  you  generally 
agree  or  disagree.  If  you  feel  especially  strongly  about  a  statement,  please  tell  me  that  you  strongly  agree  or  strongly  disagree. " 

ATOSS  =  Altitute  Toward  Organized  Science  Scale 

SOURCES.  J  D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  text  table  7-2.  Science  &  Engineering  Indicators  - 1993 


2.8 

3.0 

2.8 

2.9 

2.6 

2.8 

2.7 

2.8 

2.3 

2.5 

2.5 

2.5 

2,005 

2,041 

2,033 

2,001 
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Appendix  table  7-14, 

International  comparisons  of  public  attitudes  toward  science  and  technology:  1992 


Region/country 


Percentage  agreeing 


European  Community. 

Belgium  

Denmark  

France   

Germany  

Greece  

Ireland  

Italy  

Luxembourg  

The  Netherlands  .  .  . 

Portugal  

Spain  

United  Kingdom  .  .  .  . 

Japan   

United  States  


83 

48 

19 

80 

54 

61 

55 

6.418 

76 

37 

20 

77 

59 

51 

48 

495 

86 

46 

17 

81 

19 

69 

62 

51 1 

84 

44 

14 

86 

49 

63 

48 

505 

86 

48 

24 

75 

70 

60 

62 

1 .001 

83 

63 

23 

86 

53 

61 

89 

500 

76 

48 

16 

75 

41 

63 

48 

495 

80 

45 

19 

82 

56 

62 

54 

491 

76 

46 

24 

78 

57 

55 

59 

257 

85 

44 

19 

84 

80 

50 

58 

479 

76 

61 

24 

69 

49 

60 

66 

505 

81 

53 

17 

71 

42 

67 

65 

497 

85 

49 

17 

83 

40 

61 

47 

674 

NA 

70 

43 

86 

NA 

40 

57 

1.457 

84 

48 

39 

76 

38 

73 

38 

2.001 

"Science  and  technology  are  making  our  lives  healthier,  easier,  and  more  comfortable. " 
"We  depend  too  much  on  science  and  not  enough  on  fa'^th. ' 

"On  balance,  computers  and  factory  automation  will  create  more  jobs  than  they  eliminate. ' 

"Even  if  it  brings  no  immediate  benefits,  scientific  research  which  advances  the  frontiers  of  knowledge  is  necessary  and  should  be  supported  by  the  government. " 
'New  inventions  will  always  oe  found  to  counteract  any  harmful  consequences  of  technological  development. " 
"The  benefits  of  science  are  greater  than  any  harmful  effects. " 
"Science  and  technology  make  our  way  of  life  change  too  fast. " 


A 
B 
C 
D 
E 
F 
G 

NA  =  not  asked 

SOURCES;  Commission  of  the  European  Communities,  Europeans.  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38.":]  (Brussels: 
Commission  of  the  European  Communities.  1993).  J.D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook 
(Chicago:  International  Center  for  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  National  Institute  of  Science  and  Technology 
Policy  (Japan),  Japan  National  Study.  1991  (Tokyo:  NISTEP,  1992). 

See  figure  7-14.  Science  &  Engineering  Indicators  -1993 


Appendix  table  7-15. 

Public  attitudes  toward  scientists  and  scientific  research:  1992 


Sex.  level  of  education,  and  attentiveness 


B 


All  adults  

Sex 

I^ale  

Fennale  

Formal  education 

9  years  or  less  

1 0  or  11  years  

High  school  degree  

College  degree  

Graduate/professional  degree  

Science 'math  education 

Low  

Middle  

High  

Attentiveness  to  sciencelechnology  policy 

Attentive  public  

Interested  public  

Residual  


63 


64 
62 


44 
68 
64 
67 
72 


59 
56 
71 


69 
62 
63 


Percentage  agreeing 
52 


54 
51 


68 
56 
54 
38 
38 


59 
45 
43 


54 
50 
54 


79 


78 
80 


80 
80 
79 
77 
78 


80 
78 
76 


79 
82 

76 


3.111 


1.490 
1.621 


346 
338 
1.818 
414 
195 


1.743 
853 
515 


247 
1,261 
1.602 


A  '  The  fact  that  scientists  repeat  and  check  each  other  s  work  effectively  preventt.  Iraud  or  cheating  by  $ci?nfisfs 
B  "l^any  scientists  make  up  or  falsify  research  results  to  .idvance  their  careers  or  make  money  " 
C  "Most  scientists  want  to  work  on  things  that  will  make  life  better  lor  the  average  person  " 

SOURCES. J.D  Miller  andLK  Ptier.  Public  Attitudes  Toward  Science  and  Technology  1979-1992.  Inlvg^ik-^o  Codebook  (Chicago  international  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993),  and  unpublished  tabulations 

See  figure  7-10  Science  &  EngmviHinq  Indicdtors  ~  1993 
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Appendix  table  7-16. 

Public  assessment  of  the  likelihood  of  certain  results  from  science  and  technology:  1992 


Sex.  level  of  education,  and  attentiveness 

A 

B 

C 

D 

E 

F 

N 

Percentage  finding  result  very  likely 

All  adults  

26 

44 

48 

45 

4C 

46 

3.111 

Sex 

Male  

29 

45 

50 

47 

43 

43 

1,490 

Female  

22 

44 

46 

43 

38 

49 

1.621 

Formal  education 

9  years  or  less  

37 

35 

A7 

oD 

35 

39 

346 

10  or  11  years  

28 

41 

40 

42 

42 

47 

338 

High  school  degree  

23 

44 

50 

47 

42 

50 

1.818 

Cnllpfip  dpnrpp 

27 

52 

45 

47 

36 

41 4 

Graduate/professional  degree  

20 

53 

50 

48 

44 

43 

195 

Science/math  education 

Low  

27 

42 

48 

45 

41 

48 

1.743 

Miaaie  

22 

45 

48 

45 

Oft 

39 

46 

853 

High  

26 

52 

48 

45 

40 

41 

515 

Attentiveness  to  science/technology  policy 

Attentive  public  

28 

54 

43 

50 

49 

38 

247 

Interested  public  

30 

48 

51 

50 

42 

48 

1.261 

Residual  

22 

40 

46 

40 

38 

46 

1.602 

"Now  let  me  ask  you  to  think  about  the  long-term  future.  I  am  going  to  read  you  a  list  of  possible  results  and  ask  you  how  likely  you  think  it  is  that  each  of  these 
results  Will  occur  in  the  next  25  years  or  so. " 

A  "The  accidental  release  of  a  dangerous  manmade  organism  that  could  contaminate  the  environment. " 

3  "The  development  of  medical  technologies  that  will  extend  the  average  age  of  Americans  to  approximately  90  years. " 

C  "A  major  nuclear  power  plant  accident. " 

D  "A  cure  for  the  common  forms  of  cancer " 

E  "A  vaccine  for  the  disease  AIDS. " 

F  "A  significant  deterioration  in  the  quality  of  our  environment " 

SOURCES:  J.D  Miller  and  L.K  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago.  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993),  and  unpublished  tabulations. 

See  figure  7-1 1  Science  &  Engineering  Indicators  - 1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  7-18. 

Public  assessment  of  the  benefits/harms  of  scientific  research:  1979-92 


Benefits  Benefits  Benefits  Harms  Harms 

Sex.  level  of  education.                                            strongly  exceed  equal  exceed  strongly 

and  attentiveness                    Year                       exceed  harms  harms  harms'  benefits    exceed  benefits  N 

Percent  •-   

1979                                  46  23  21  6  4  1,635 

1981                                  42  28  13  12  5  1,536 

1985                                  44  24  13  13  6  2.005 

All  adults                             1988                                 53  22  13  8  4  1,042 

1990                                  47  23  17  10  3  2,033 

1992                                  42  31  11  12  5  997 

1979                                  51  22  17  6  3  773 

1981                                  48  27  11  10  5  724 

Male                                   1985                                48  22  11  13  6  950 

1938                                  56  22  11  7  4  498 

1990                                  54  23  10  9  4  964 

1992                                  45  30  9  11  5  464 

1979                                   42  24  25  6  4  862 

1981                                   37  28  16  14  5  812 

Female                                1985                                40  25  15  14  6  1.054 

1988                                   51  21  5  9  4  544 

1990                                  40  23  23  11  3  1,070 

1992                                  40  31  13  12  4  533 

1979                                  26  23  36  10  6  465 

1981                                   26  23  25  18  9  385 

1 1  years  or  less                      1985                                20  21  27  19  13  507 

formal  education                     1988                                 33  24  22  15  6  293 

1990                                  24  23  33  16  4  495 

1992                                   24  33  17  20  7  215 

1979                                  50  25  15  5  3  932 

1981                                  43  31  10  12  4  886 

High  school  degree                 1985                               47  25  11  13  4  1.143 

1988                                   56  23  11  6  4  574 

1990                                  49  25  13  10  3  1.179 

1992                                  41  32  10  12  5  579 

1979                                  69  17  9  2  3  238 

1981                                   64  22  7  4  2  264 

College  degree                      1985                               67  22  3  6  2  349 

1988                                  79  14  4  2  1  175 

1990                                 70  18  8  3  1  359 

1992                                  66  22  8  3  2  203 

Attentive  public                       1988                                 60  26  4  5  3  81 

for  new  scientific                     1990                                61  19  12  5  3  168 

discoveries   1992    48  27  12  9  4  

"People  have  frequently  noted  that  scientific  research  has  produced  both  beneficial  and  harmful  consequences.  Would  you  say  that,  on  balance,  the  benefits  of 
scientific  research  have  outweighed  the  harmful  results,  or  have  the  harmful  results  of  scientific  research  been  greater  than  its  benefits? 

Would  you  say  that  the  balance  has  been  strongly  in  favor  of  beneficial  results,  or  only  slightly?  Would  you  say  that  the  balance  has  been  strongly  in  favor  of  harmful 
results,  or  only  slightly'^ ' 
NOTE-  "Don  t  knov/  responses  are  not  included. 

"Offered  as  a  response  category  for  the  first  time  in  1990.  m  prior  years,  volunteered  by  respondent 

SOURCES  J  D  Miller  and  L  K  Pifer.  Public  Attitudes  Toward  Science.  1979-1992.  Integrated  Codebook  (Chicago-  International  Center  Jor  the  Advancement  of 
Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations 

See  figure  7-13  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-19. 

Public  preferences  for  spending  in  the  United  States:  1981-92 

Problem  area                      Government  is  spending                    1981           1983  1985  1988  1990  1992 

Percent 

Exploring  space                         Too  little                               18              17  9  17  9  12 

Too  much.      ...          43               39  45  42  52  50 

Reducing  pollution                       Too  littie                               52              54  69  76  76  72 

Too  much                                14               11  6  4  5  7 

Improving  health  care                   Too  little                               61              NA  68  68  75  79 

Too  much                                6             NA  3  2  3  5 

Scientific  research                       Too  little                              31             NA  29  34  30  34 

Too  much                                 18              NA  18  15  16  19 

improving  education                     Too  little                               62              71  73  76  77  81 

Too  much                                  6                 5  3  4  4  4 

Helping  older  people                    Too  littie                               73             NA  72  75  75  73 

Too  much                                  3              NA  3  2  2  4 

Improving  national  defense             Too  little                               33              19  11  11  15  15 

Too  much                               26               47  50  53  40  40 

Helping  low-income  persons            Too  little                               45             NA  54  55  57  56 

Too  much                                24              NA  13  12  15  17 

N-  1.659           1.631  2.005  2.041  2.033  2.001 

■  We  are  faced  v/tth  many  problems  in  this  country  I'm  going  to  name  son^e  of  these  problems  and  lor  each  one.  I  d  like  you  to  tell  me  if  you  thmk  that  the 
government  fs  spending  too  little  money  on  it.  about  the  right  amount  or  too  much 

NA  ~  not  asked 

NOTE  The  Improving  national  defense  question  was  asked  on  a  split  ballot  m  I98a  therefore  N  -  I.0i3 

SOURCES  J.O  Miller  and  L  K  Piter.  Public  Attitudes  Toward  Science  and  Technology.  1979-92.  Integrated  Codebook  (CU\caQO  Internationa!  Center  tor  the 
Advancement  of  Scientific  Litf»racy  Chicago  Academy  of  Sciences  1993i.  and  unpublished  tabulations 

See  figure  7-1 5  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  7-23. 

Public  knowledge  of  biomedical  topics:  1993 


Sex,  level  of  education, 

and  attentiveness  A  B  C  D  E  F  G  H  I  J  N 

  -     -  --  Percentage  answering  correctly 


All  adults  

59 

42 

77 

46 

82 

56 

41 

73 

78 

64 

3.111 

Sex 

Male  

62 

77 

44 

o4 

CO 
00 

4/ 

70 
/O 

76 

CO 

CO 

1 .4yu 

Female  

bo 

45 

76 

48 

on 
oU 

by 

o  c 
ob 

70 
/  d 

1 1 

CQ 

by 

1   C0 1 

Formal  education 

OO 

<  < 
1 1 

o^ 

^0 

O'J 

00 

AA 

04 

040 

1 0  or  1 1  years  

oo 
OO 

o  c 

ob 

OO 

oo 

d.1 

Id. 

b/ 

OO 

do 

cn 
bU 

7C 

C7 
0  / 

ooo 
ooo 

•Hiah  school  degree  

6*: 

45 

76 

48 

oc 
ob 

CO 

OQ 

70 

/o 

01 
O  1 

CO 

bo 

1  01  o 

1  .ol  o 

College  degree  .  . 

75 

54 

72 

62 

93 

65 

52 

87 

83 

71 

414 

Graduate/professional  degree. .  . 

82 

62 

70 

74 

98 

76 

65 

83 

85 

84 

195 

Science 'math  education 

Low  

48 

34 

80 

38 

74 

51 

34 

64 

73 

59 

1.743 

Middle  

68 

49 

74 

51 

89 

58 

46 

81 

83 

66 

853 

High  

82 

59 

71 

68 

96 

70 

55 

87 

85 

76 

515 

Attentiveness  to  science/technology 

Attentive  public  

69 

42 

72 

57 

85 

56 

51 

80 

81 

72 

247 

Interested  public  

62 

42 

78 

44 

82 

59 

41 

69 

77 

67 

1.261 

Residual  

55 

43 

77 

46 

81 

54 

39 

74 

77 

60 

1.602 

A  "DNA  regulates  inherited  characteristics  for  all  plants  and  animais  "  (True) 

B  "Human  beings  can  survive  on  almost  any  combination  of  foods,  provided  that  the  total  diet  includes  enough  calories.  "(False) 
C  "The  body's  immune  system  protects  us  from  bacteria  as  well  as  viruses. "  (True) 
D  'Senility  is  inevitable  as  the  brain  ages  and  loses  tissue.  '  {False) 
E  "All  bacteria  are  harmful  to  humans. "  (False) 

F  "In  general,  to  be  effective,  a  vaccine  must  be  administered  before  an  infection  occurs.  "(True) 
G  "Human  beings,  as  we  know  them  today,  developed  from  earlier  spec'es  of  animals. "  (True) 
H  "Intelligence  m  humans  is  related  to  the  size  of  the  brain. "  (False) 
i  "The  human  immune  system  has  no  defense  against  viruses.  "(False) 
J  "The  process  of  evolution  is  continuing  today.  ■  (True) 

SOURCES:  J.D  Milter  and  L.K.  Ptfer  Public  Attitudes  Toward  Science  and  Technology.  1979-  199P.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancennent  of  Scientific  Literacy.  Chicago  Academy  of  Tciences.  1993).  and  National  Institute  of  Science  and  unpublished  tabulations. 

See  figure  7-18  Science  &  Engineenng  Indicators  -199^^ 
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Appendix  table  7-24. 

Public  understanding  of  the  cause  of  acid  rain:  1992 


Gave 

Gave 

scientifically 

general 

Linked 

Sex,  level  of  education, 

correct  explanation 

description 

cause 

and  attentiveness 

of  cause 

of  cause 

to  pollution 

N 

- 

-  Percent"  - 

All  adults  

8 

5 

37 

997 

Sex 

Male  

14 

8 

34 

464 

2 

2 

40 

533 

Formal  education 

9  years  or  less   

5 

2 

19 

102 

10  or  11  years   

0 

5 

30 

113 

High  school  degree  

7 

3 

40 

579 

College  degree  

<  < 

1 1 

1  "^n 

1  ou 

Graduate/professional  degree  

18 

11 

44 

72 

Science/math  education 

Low  

4 

4 

35 

593 

Middle  

8 

2 

42 

224 

High  

19 

12 

38 

180 

Attentiveness  to  science/technology 

Attentive  public  

13 

8 

38 

94 

Interested  public  

9 

4 

40 

385 

5 

4 

34 

518 

'  When  you  read  or  hear  the  term  aad  ram. '  do  you  have  a  clear  undersland'mg  of  what  it  mearjs.  a  general  sense  of  what  tt  means,  or  little  understanding  of  what  it 
means?" 

"What  do  you  believe  is  the  primary  cause  of  acid  ra/n?"  [Asked  if  respondents  said  they  had  a  clear  or  general  understanding  of  acid  rain.] 

SOURCES:  J.D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  {Ch[Cago:  International  Center  tor  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-19.  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  7-25. 

Public  understanding  of  the  ozone  layer:  1992 


Sex,  level  of  education.  Understood 

and  attentiveness  thinning  Knew  location        Knew  harms  N 

Percent 

All  adults   26  7  42  997 

Sex 

Male   31  10  50  464 

Female   21  4  35  533 

Formal  education 

9  years  or  less   10  2  27  102 

10  or  11  years   26  2  30  113 

High  school  degree    24  6  40  579 

College  degree   37  15  61  130 

Graduate/professional  degree   44  14  56  72 

Science^math  education 

Low   20  5  35  593 

Middle   29  7  46  224 

High   41  16  57  180 

Attentiveness  to  science-lerhnology  policy 

Attentive  public   51  14  60  94 

Interested  public   28  7  45  385 

Residual       20  6  36  518  

"Please  tell  me.  m  your  own  words,  why  there  is  a  hole  in  the  ozone  layer^ 
Do  you  know  where  the  hole  is  located^  Where  is  it  located? 

So  far  as  you  know,  are  there  any  harms  or  dangers  that  might  result  from  a  hole  tn  the  ozone  :.<yer?" 

SOURCES:  J  D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology  1979-1992.  Integrated  Codebook  {Chicago  International  Center  for  the 

Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-19  Science  &  Engineering  Indicators  -  1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  7-26. 

Public  knowledge  of  selected  environmental  concepts:  1992 


Hole  in 

Sex.  level  of  education.                        ozone  iayer  can 
and  attentiveness                              cause  skin  cancer 

Greenhouse 
effect  can  raise 
sea  level 

Acid  rain 
causes  damage 
to  forests 

Car  emissions 
are  not  related 
to  acid  rain 

N 

Percentage  agreeing 

All  adults 

73 

45 

89 

16 

1 .004 

Sex 

Male  

72 

54 

91 

16 

486 

Female   

75 

37 

87 

16 

518 

Formal  education 

9  years  or  less  

62 

43 

82 

Q4 

10  or  1 1  years  

68 

40 

82 

17 

High  school  degree  

76 

42 

90 

16 

623 

Collegfi  degree  

oy 

55 

92 

13 

104 

Graduate  professional  degree  

75 

60 

95 

13 

89 

Science  math  education 

71 

41 

86 

17 

582 

Middle  

77 

43 

92 

15 

244 

High   

77 

60 

95 

12 

178 

Attentiveness  to  science  technology  policy 

Attentive  public  

61 

84 

17 

105 

Interested  public  

/I 

45 

91 

18 

417 

Residual  

76 

41 

88 

14 

481 

Could  you  pieeise  tell  me  if  you  th,nk  the  ioliowmg  statements  are  true  or  false'^'  fAtI  statements  are  true.i 

SOURCES  J  D  Miller  and  L  K.  Pifer.  Public  Altitudes  Tov/ard  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  international  Center  for  the 
Ad^'ai^cemenf  o*  Scientific  Literacy  Chicngo  Acadi^my  of  Sciences  1993).  and  unpublished  tabulations 

See  figure  7-; 9  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  7-27. 

Understanding  of  selected  scientific  concepts  by  high  school  seniors:  1990  and  1993 


Seniors 

Concept  Response  1990  1993 


Percent 


Hnmfln  hpinn^  as  we  know  them  todav  develooed 

Agree  

  39 

33 

IIUIM  CdlliCI  0|J6Lrl60  \JI  dllllMalO. 

Disagree 

  24 

24 

Undecided  

  37 

43 

^mnkinn  rancpc  ^Prinii^  hpalth  nrohlPmS 

Agree   

  80 

75 

Disagree 

  4 

3 

Undecided  

  16 

23 

In  thp  PntirP  ijni\/Pr<?P  it  is  likelv  that  there 

Agree  

  47 

44 

arp  thnijQanHQ  nf  nIanPtQ  likP  nnr  nwn  nn  whifih 

Disagree   

  9 

8 

life  could  have  developed. 

Undecided  

  44 

48 

Ths  continents  on  which  we  live  have  been  moving 

Agree  

  63 

57 

thpir  Inpatinn  fnr  millinnQ  nf  \/Par^  anH  will 
11  ICII  lUUdllUII  i\Ji  iiiiiiivjiio  Kji  ycdio  di  lu  vviit 

Disagree 

  5 

4 

continue  to  move  in  the  future. 

Undecided  

  32 

39 

Some  numbers  are  especially  lucky  for  me. 

22 

26 

Disagree  

  44 

37 

Undecided  

  34 

37 

A  scientific  theory  is  a  scientist  s  best 

Agree  

  64 

61 

understanding  of  how  something  works. 

Disagree  

  7 

7 

Undecided  

  29 

32 

All  scientific  theones  change  from  time  to 

Agree  

  70 

64 

time  as  scientists  improve  their  unde''Standing 

Disagree  

  4 

4 

of  nature. 

Undecided  

  26 

32 

N=  1.751 

1,650 

SOURCE:  J  D  Miller  and  L.K.  Pifer.  Longitudinal  Study  of  American  Youth  (DeKalb.  IL.  Social  Science  Research  Institute  Northern  Illinois  University.  1993}.  special 
tabulations 

See  figure  7-20  Science  &  Engineering  Indicators  -1993 
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Appendix  table  7-28. 

Attitudes  toward  science  and  technology  among  high  school  seniors:  1990  and  1993 

Seniors 

Statement  Response  1990  1993 


Percent 


?5rifintifir  invention  js  laroelv  rp<?nonsible  for 

Agree 

68 

62 

our  standard  of  living  in  the  United  States. 

Disagree  

  3 

3 

Undecided  

  29 

35 

Overall  scienre  anri  tpchnolonv  have  caused  more 

Agree 

  47 

44 

nood  than  harm 

UVi/Vi/U   lllull  iiuilli. 

Disagree   

  19 

19 

Undecided  

  34 

37 

On  balance,  computers  and  factory  automation 

Agree  

  33 

26 

will  Create  more  jobs  than  they  will  eliminate. 

Disagree   

  18 

22 

Undecided  

  4S 

52 

One  trouble  with  science  is  that  it  makes  our 

Agree            .  . 

  26 

24 

wav  nf  lifp  rhflnnp  tnn  fp^t 

Disagree 

33 

31 

Undecided  

  41 

45 

New  inventions  will  always  be  found  to  counteract 

Agree  

  32 

25 

anv  harmful  rnn^pniipnrp^  nf  tprhnolnnirpi 

Disagree 

20 

20 

development. 

Undecided  

  48 

55 

In  this  complicated  world  of  ours,  the  only  way 

Agree  

  33 

28 

we  can  know  what  is  going  on  is  to  rely  on 

Disagree  

  29 

28 

leaders  and  experts  who  can  be  trusted. 

Undecided  

  38 

44 

Scientific  researchers  are  dedicated  people 

Agree  

  52 

43 

who  work  for  the  good  of  humanity. 

Disagree  

  7 

9 

Undecided  

  41 

48 

Because  of  their  knowledge,  scientific 

Agree  

  27 

26 

researchers  have  a  power  that  makes  them 

Disagree  

  32 

30 

dangerous. 

Undecided  

  41 

44 

N=:  1.751 

1,650 

SOURCE  J  D  Milter  and  I  K  Pifer.  LongitudirhV  Study  of  American  Youth  (DeKalb.  IL:  Social  Science  F^esearch  Institute.  Northern  Illinois  University.  1993).  special 
tabulations. 

See  figure  7-21  Science  &  Engmeenng  indicators  -1993 
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AMS  Aiiierican  Mathenialical  Socioly 
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AI^PA  Advanced  Research  Projects  Agency 
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CRADA  cooperative  research  and  development 
agreement 

DOC  Department  of  Commerce 

DOD  Department  of  Defense 

DOE  Department  of  Energy 

EAE  emerging  Asian  economy 

EC  European  Community 

EPA  Environmental  Protection  Agency 
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prCSIiT       Federal  Coordinating  Council  for  Science, 
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FFK1.)C        federally  funded  research  and 
development  center 

FYE  full-time  equivalent 

Fn^A  Federal  Tecimology  Transfer  Act 

FY  fiscal  year 

(iDP  gross  domestic  product 
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GSP  gross  state  product 

(iSS  General  Social  Suivey 

(il  -F  general  university  funds 

HHS  Department  of  Health  and  Human  Seivices 

lAEP  International  Assessment  of  Educational 

Progress 

IR&D  independent  research  and  developnient 

ISIC  hiternational  Standard  Industrial 
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JKV  joint  research  and  development  venture 

LSAY  Longitudinal  Study  of  American  Youth 

MItR  market  exchange  rat(^ 

NAI^P         National  Assessment  of  Educational 

Progress  ^  . 

NASA  National  Aeronautics  and  Space 

Administration 


NCKA 

National  Cooperative  Rescaroli  Act  of  1984 

NCTM 

National  Council  of  Teachers  of 
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NL  1  1  A 

National  Competitiveness  Technolo^jy 

Transfer  Act 

NHLS:88 

National  Education  k)ngituclinal  Study  of 

1988 

NIK 

newly  industrialized  economy 

NIH 

National  Institutes  of  Health 
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Technology' 

NS&E 

natural  science  and  engineering 

IN  or 

iNauonai  ocience  i  ounciauon 

NSTC 

National  Science  and  Technology  Council 

OECL) 

Organisation  for  Economic  Co-operation 

and  Developnient 

OES 

Occupational  Employment  Statistics 

PC 

personal  computer 

PCAST 

President's  Committee  of  Advisors  on 

Science  and  Technology' 

PECC 

Pacific  Economic  Cooperation  Council 

P.L. 

public  law 

PPP 

purchasing  power  parity 

DO  T ^ 

K<N:1} 

research  and  development 

D  l\  V 

research  and  experimentation 

KA 

research  assistantship 

RDNA 

recombinant  DNA 

RDT&E 

research,  devcloi)inent.  trst,  and  evaluation 

S&E 

science  and  engineering 

S&T 

science  and  technology 

SAT 

Seholastic  Aptitude  Test 

SBA 

Small  Business  Administration 

SBIR 

Small  Business  Innovation  Research 

^^^^^ 

SIMS 

Second  International  Mathematics  Study 

SIR 

statutoiy  invention  registration 
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Second  International  Science  Study 

SME 

science,  math(M"natics,  and  engineering 

'I'A 

teaching  assistantship 

Ti^P 

Technology  Reinvestment  F^rogram 

i;iRc 

university-industiy  research  center 

UNESCO 

United  Nations  Educational,  Scientific,  and 

Cultural  Organization 

USDA 

Department  of  Agriculture 

WPIL 

World  Patent  Index  I^atest 
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R.razil 

paleiils  awarded  to  nonresident  inventors, 

I7(i.  177.455,  464-4(55 
R\d)  performed  for  affiliates  of  I'.S.  compa- 
nies in,  125 
Pirilaiii.  Sec  I'nited  Kinj.,'d()m 
liudKcl  authority,  defined.  W  \ 


Calculators,  pnrollej^e  use.  2?i.  24 
Canarla 

.\SX:1'!  first  dej^rees  awarded  in.  !)7.  251 
patents 

awarded  to  nonn'sident  inventors.  17{). 

177.455.  4(i4-^l(55 
r.S.  pntent  classes  most  emphasized. 

171.  175.  459 
r.S.  patents  K''anled  to.  172,  455 
R.K:I) 

as  a  percenta.ue  of  CiDP,  101,  375-376 

euiployiuenl  by  affiliates  of  r.S.  compa- 
nies in.  (ii),  31 0 

expenditures,  100,377-378 

nondefense.  as  a  perceiUap:e  of  r.S. 
spending.  101.  376 

performed  for  affiliates  of  r.S.  compa- 
nies in.  125 

performed  in  the  r.S.  by  affiliates  of 
companies  in,  12<i' 

portion  of  industrial  RiS:l)  financed  from 
forcij^n  sources.  12(>,  383 

support.  10(1.379 
social  sciences  first  de.urees  awai ded  iu, 
:i7.  252 

C  arnegie  classification.  ilS;/,  -lo 
C'eulral  America,  royalties  and  fees  from 
exchnnjLje  of  industrial  processes.  KiS.  450 
rhemical  tMi^jiiuvriiiK 

decrees,  bachelors,  by  gender.  SO 

docloijil  uu<'nipk)yment.  undercmijkjymenl. 
and  employment  rates.  75 

einployiuent  rates.  72 

manufacturing^  jobs.  (i2.  301-303 
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ClR'Hiical  (MiKiiK'niiiK  (Cont.) 

luiiiorilK's  as  a  proporlioii  of  doflornl  S<^I' 

workfoiw.  tSl 
woiiUMi  as  a  proporlioii  of  doctoral  StK:M 
worklbirc,  81 
Clu'iiiisliy 

aviTa^i'  annual  salary  offns  lo  docloral 

candidalrs.  77 
inlcrnatioiially  coaulhorcd  arliolr^  as  a 

p(TC(MitaKe  of  all  arliflos.  If)!.  42(> 
p(MV('iUa^f<'  olianjTO  in  I'.S.  sliaiv  of  world 

arlidcs.  151.421 

China 

conipolilivrnrss  ass(»ssnu'nl.  ISS.  189. 
190.  471 

NStViK  firsl  (U'.UR'<'s  awarded  in.  'Xi,  251 
social  sciences  firsl  decrees  awarded  in. 
37.  252 

sludenls  in  f.S.  universilies.  5:^ 
Civil  cnjrinecrinjT 

dci^recs.  bachelors,  by  gender.  80 
(locloral  uneinploynienl.  mulereniployiuenl. 

and  eniploynuMil  rales.  75 
einploynienl  rau^s.  72 
luinorilies  as  a  proporlion  of  docloi'al  St^lC 

workforce.  81 
women  as  a  proporlion  of  docloral  St^M 
workforce.  81 
Clinical  medicine.  perccnla.C[e  change  in  T.S. 

share  of  world  articles.  1 51 .  42 1 
College  (lejja-c's.  See  Degrees 
College  sUuk-nls.  Sec  Stndenls.  ^raduale  and 

underKradnale 
Colleges  and  iniivvrsities.  See  aLso  Academic 

Carnep:ir  classi  Ileal  ion.  '58;/.  10 

eonj^ressional  earmarking?  lo.  VM^ 

federal  riondelVnse  research  fnndintj.  112. 

indusliy-nniversily  coaulhorshij).  151- 152. 
429 

indnsliy-nniversily  pailnerships.  12()-122 
inslilulions  with  S*.^l{  programs,  38-12. 

254-256 
license  arrani^emenl  income.  15!» 
nnlnre  of  cnj^ineerinK  research  al  I'.S. 

universities.  138 
l*-a(enls  awarded  lo  T.S.  univn'silirs.  132- 151k 

430-430 

under^raduale  insliuclion  by  lypi*  of  facul'y. 

10-43.  257 
women  in  academia.  80.  81 
Compeliliveness  in  world  markels.  See 

Cilobal  markel place 
Compeliliv(Miess  indicators,  18(5-190.  471 
Coinpuler  analysis,  defcnse-reialed  employ- 

nuMil.  ()(>-(i7.  315 
Coniiniler  scieners 

academic  (loi:loral  resi*archiM's 
l)y  numbiM*  of  years  since  d(,clorale.  1 17. 
413 

reporting  feder  al  sui)porl.  149.  418 
reporting  nnilliple  federal  agency  support. 
150.  420 

academic  mU  expendilures.  137. 397-398 
average  amural  growth  rales  of  employed 
docloral  sclenlisls  and  engineers.  145. 406 
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Computer  sciences  (Couf.) 
decrees 
associat<\  47.  271 
bachelors.  47,  48.  272-273 
bachelors.  l)y  gender.  80 
doctoral  unemployment,  underemployment. 

and  employment  rales.  75 
employment  rates.  72 
expenditures  for  research  equipnienl  at 

academic  institutions.  142.  404-405 
fed(»ral  oblij^ations  for  research.  112. 
351-354 

forei.gn  sludeiUs  in  graduate  progi'ams.  ."^2. 
279.  287 

graduate  student  financial  supi)ort.  5(>,  297 
minorities  as  a  proportion  (^f  doctoral  S«JiI*] 

workforce.  81 
number  of  inslituti(;ns  receiving  federal  K^\) 

support.  139.  402 
as  planned  major  of  National  Merit 

Scholars.  45.265-266 
women  as  a  proporlion  of  docloral  St^K 
workforce.  81 
Comi)uler  scientists 

employed  lull  lime.  70.  312 
emphn-ment  by  gender.  79.  321 
federal  employment.  ()5.  307 
inniiigranl 
admitted  to  I'.S.  on  ])ermanenl  visas,  33. 

323-324 
from  the  former  Soviet  I'nion.  83 
median  amuial  salaries.  74.  317 
minority  representation  in  St.<:H  !ai)or 

force.  82.  322 
uni'mployment  rates.  71,316 
Computers,  precollege  use,  22-23 
Cfjngressional  earmarking  to  universities 

and  colleges.  139 
Cooperative  research  and  development 

agreements  (CKADAs).  1 19,  120 
Cross-cutting         initiatives.  108-110.  113,. 

359 
Czechoslovakia 

NSt^l'!  first  degrees  awarded  in,  37.  251 
social  sciences  first  degrees  awarded  in. 
37.  252 


Defense.  Department  of  (DOD) 

funding  for  l-'CCSl-yi'  initiatives.  1 13.  359 
IK.^I).  114-115.360 

RS:D  support.  104.  107.  108.  H)9.  111. 

340-346.  349-350.  355-357 
RDT.^l-:.  110-113.  35vXi57 
l)(Mense.  impact  of  downsizing  on  technical 

employment.  (>()-(>7.  315 
Defense  conversion.  07.  1 1,5-1 1(> 
Defense-related  issues  in  Rc^D.  110-110, 

35(K357 
Degrees 

associate.  38.  39.  h^l7.  270-271 
bachelors.  38-39.  10.  41.  47-48.  49. 
255-256.272-277 

by  g(Muler.  80 
doctoral.  39.  40.  5(>-5l.  255-256.  284-287 

to  toreign  students.  52.  288-292 
first 

NStK:l'i  degree^  by  region.  30-3S. 
251-253 

663 


first  Degrees  (Cant.) 

S(K:H  degrees  by  rt^gion.  30-! 58,  251-253 
masters.  39,  40.  42.  50.  51.  255-256, 
280-283 
Demuark 

assessmeiU  of  scientific  research.  20(i. 
485 

inlormedness  on  scientific  issues.  200. 
477 

interest  in  scientific  issues.  199.  474 
scientific  t(M*m  and  concept  kiu)wiedge. 
208,  492 

Development,  defined.  94 

Doctoral  degrees.  See  Degrees,  doctoral 

Doctors.  See  Physicians 

DOD.  See  Defense.  Department  of  (DOD) 

1)01-:.  See  Knerg\'.  Department  of  (DOI-) 


Karmarked  academic  projects.  139 
I'iarth  sciences 
internationally  coanlhored  articles  as  a 

perceiUage  of  all  articles.  151. 426 
percentage  change  in  L'.S.  share  of  world 
articks.  151.421 
l-X'.  See  European  Conununity 
lulucation.  See  also  Students 
graduate,  highlights.  34-35 
improving  minority  participation  in  StK:K 

education.  49 
precollege 
calculator  use  and.  23.  24 
classroom  activities.  21-22.  23 
computer  use  and.  22-23 
highlights.  2-3 

improvements  in  assessing  achievement. 
2(i-29 

international  comparisons  of  math  and 
science  acluevenieiU.  1()-17 

math  aehievetnent  in  1^)2,  ^>-10.  236-239 

NAI:P  trends,  4-7.  28,  223  -239 

SAT  scores.  14-10.240-246 

student  attitudes  toward  math  and  science. 
12-14 

student  |)ersistence  in  math  and  science 

courses.  10-12 
student  SMK  iiUenlions,  12.  13 
trends  in  aehievement  by  ethnicity.  8-9. 

232-235 

trends  in  achievement  by  gender.  7-8. 
231-235 

trends  toward  state  frameworks  and 
higher  standards  for  student  i)erf()r- 
mance.  29-30 
teclmical.  in  Clermany  and  jai)an.  4(^ 
undergraduate 
highlights.  34 

instruction  by  type  of  faculty.  10-13.  257 
Klectrical /electronics  engineering 
degrees.  baclu4ors.  by  gender,  80 
doctoral  unemploymeiU.  un(leremi)loyment. 

and  employment  rates.  75 
employment  rates.  72 
manufacturing  jobs.  (i2. 301-303 
minorities  as  a  proportion  of  doctoral  StK:!*! 

wtjrkforci",  81 
women  as  a  proportion  of  doctoral  StVrK 

workforce.  81 
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Elementary  education.  See  Education, 
preco  liege 

Elementary  students.  See  Students,  precollege 
Elementary  teachers.     Teachers,  precollege 
Employment  of  S4&E's.  See  Science  and  engi- 
neering (S&E).  ^\  )rkforce 
Energy.  Department  of  { )0E) 
academic  R&D  funding  by  mode  of  suppo»-t, 
140.  258 

funding  for  FCCSET  i  iitiatives,  113.  359 
R&D  support,  m,  -.07,  108.  109,  111, 

340-346.  349-350.  355 
weapons  laboratories.  110-111 
Engineering 

academic  doctoral  researchers 
by  number  of  years  since  doctorate.  147. 
412,414 

reporting  federal  support,  149,418.  419 
reporting  multiple  federal  agency  sup- 
port. 150, 420 
academic  R&D  expenditures.  137. 397-398 
average  annual  growih  rates  of  employed 
doctoral  scientists  and  engineers.  145. 
406 
degrees 
associate.  47,  271 

bachelors.  4K  47.  48.  255. 272-273 
bachelors,  by  gender.  80 
first,  NS&E  by  region,  3&-38.  251  -253 
masters,  42, 255 
doctoral  unemployment,  underemployment. 

and  employment  rates.  75 
employment  rates,  72 
expenditures  for  research  equipment  at 

academic  institutions,  142, 404-405 
fe<leral  obligations  for  research,  1 12. 351-354 
first  degrees  by  region,  37,  252 
foreign  students  in  graduate  programs.  52 
279,  287 

graduate  enrollments,  50,  51.  278-279 
graduate  student  financial  support.  56.  298 
internationally  coauthored  articles  as  a 

percentage  of  all  articles.  151, 426 
job  losses,  63 
minorities 
as  a  proportion  of  doctoral  S&K  work- 
force, 81 

representation  among  freshmen,  44.  264 

nature  of  engineering  research  at  U.S. 
universities.  138 

number  of  institutions  receiving  federal 
R&D  support.  139.  402 

percentage  change  in  U.S.  share  of  worid 
articles.  151.421 

as  planned  major  o*"  National  Merit 
Scholars.  45.265-266 

undergraduate  enrollments.  42-44. 258-260 

unemployment.  70.  316 

women  in,  79-80.  321 
as  a  proportion  of  doctoral  S&E  work- 
force, 81 

Engineering  technology,  degrees,  associate. 

47.  271 
Engineers 

attachment  rates.  71-72 

doctoral 

academic  researchers  by  field.  14t,  407-408 
changes  in  the  survey  of  doctorate  rvc\\> 
lents,  144 
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doctoral  Engineers  (Cimt.) 

changing  age  structure  of  academic 

researchers.  147,412-414 
employment  by  sector,  76.  31C- 
federal  support  of  academic  researchers. 

148-149. 150.418-420 
minorities  in  academic  R&D.  145-146. 

409-411 
in  R&D.  68.  309 

research  participation.  147-148,415-417 
salaries.  78.315 

teaching  and  research  as  primary  work 
responsibility.  146-147.407-408 

trends  for  academic  researchers.  143-144. 
406 

underemployment.  75.  76-78 
unemployment,  75.  76-78 
women  in  academic  R&D.  144-145.  146, 
406.  410-411 
employment 
by  gender.  79.  321 
defense-related.  66-67.  315 
federal,  65.  307 
full  time.  70,  312 
in-field.  71.72 

manufacturing,  62-63.  301-303 
nonmanufacturing.  64.  304-306 
immigrant 
admitted  to  U.S.  on  permanent  visas.  83, 

323-324 
from  the  former  Soviet  Union.  83 
in  the  S&E  workforce.  82-83.  323-324 
median  annual  salaries.  74, 317 
minority  representation  in  S&\i  labor 

force.  82,  322 
salaries.  73.  74,313,317 
unemployment  rates,  71.  316 
England.  See  I'nited  Kingdom 
Knrollmenls 
graduate.  48-51.  278-279 
undergraduate,  42-44.  258-260 
U.S..  41.  254 
Environmental  interest  and  knowledge.  210. 
211 

R)nvironmental  Protection  Agency  (EPA), 
academic  R&D  funding  by  mode  of 
support.  140,  258 
Environmental  sciences 
academic  doctoral  researchers 
by  number  of  years  since  doctorate.  147. 
413 

reporting  federal  support.  149. 418 
reporting  multiple  federal  agency  sup- 
port.  150,  420 
academic  R&D  expenditures.  137. 397-398 
average  annual  growth  rates  of  employed 
doctoral  scientists  and  engineers.  145, 
406 

degrees,  bachelors,  47, 48,  272-273 
doctoral  unemployment,  underemployment. 

and  employment  rates.  75 
employment  rates.  72 
expenditures  for  research  equipment  at 

academic  institutions.  142.  404-405 
federal  obligations  for  research.  112, 

351-354 

minorities  as  a  proportion  of  doctoral  S&Il 
workforce,  81 


Environmental  Studies  (Cont.) 
numb  CM'  of  institutions  receiving  federal 

R&D  support.  139,402 
women  as  a  i)roi)ortion  of  doctoral  S&E 
workforce,  81 
Environmental  terms  and  concepts,  under- 
standing of.  208-2()^),  2U).  21 1. 494-  496 
HPA.  Spf  I'lnvironmenlal  Protection  Agencv 

(EPA) 
Ethnic  comparisons 

academic  R&I).  145-146.  409-41 1 
degrees 
bachelors.  48,  49.  274-277 
doctoral.  51,286-287 
graduate  enrollments  in  S&E,  51,  279 
planned  majors  of  freshmen,  44, 261-263 
precollege  students 
math  achievement  in  U)^)2,  V)-l(),  236-239 
SAT  scores,  15-16.241-246 
standardized  tests  and,  28 
trends  in  achievement,  8-9,  232-235 
proportions  of  doctoral  S&I-!  workforce,  81 
S&E  W(jrkforce,  80-82,  322 
Eurobaromcter38-l,  198 
luirope 

immigrant  scientists  and  engineers  from. 

82,  323-324 
NS&E  first  degrees  awarded  in.  36-38. 

251 
R&D 

performed  for  affiliates  of  U.S.  compa- 
nies in. 125 
performed  in  the  U.S.  by  affiliates  of 
companies  in.  12() 
S&E  first  degrees  awarded  in.  3(>-3S,  251 
Europe-Japan    cor  i)0  rate  technology 

alliances,  123.  383 
Europe-U'nited  States  corporate  lechnol(\g>' 

alliances.  123.  383 
European  Community  (EC) 

assessment  of  scientific  research,  206.  485 
environmental  interest  and  knov/ledge,  211 
high-tech  industries'  share  of  total  manu- 
facturing output.  161.  440-446 
industrial  R&I),  169,  454 
informed ness  on  scientific  issues,  200. 477 
interest  in  scientific  issues,  199,  474 
royalties  and  fees  from  exchange  of  indus- 
trial processes.  168,  450 
scientific  term  and  concept  knowledge, 
208,  492 

share  of  global  high-tech  market.  161. 
440-446 

Exi)()rts  share  of  total  manufacturing  produc- 
tion. 1(>2-163.  440-446 

Extracurricular  activities  of  precollege  stu- 
dents, 26 


Faculty.  Sec  Teachers 

Ear  East,  immigrant  scientists  and  engineers 

from,  82.  323-324 
I'VCSHT  (Federal  Coordinating  Council  for 

Science.  luigineering,  and  TechnokijO"). 

108-110.  113.359 
Federal  academic  resi  arch  fimdinj^^  by  ntodr 

ofsup|)ort,  140.358 
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Federal  Coordinating  Council  for  Science, 
Engineering,  and  Technolog-  (FCC- 
SET).  108-1 10.  113,359 
Federal  S&E  employment,  64-65.  307 
Federal  support  of  R&D 
academic  researches.  148-149, 150, 418^20 
by  agency.  104-112,  138-140,  340-357, 

400-402 
by  field.  112.  351-354 
cross-cutting  initiatives,  108-1 10,  1 13,  359 
defense-related  issues,  IIO-IIO,  356-357 
DOD.  104.  107.  108,  109,  111.  340-346, 

349-350,  355-357 
DOE,  104,  107,  108,  109,  111,  340-346, 

349-350,  355 
federal  focus  by  national  objective,  101-104, 
363-364 

funding  by  budget  ftmction,  102. 103, 363^64 
funding  for  defense  conversion,  1 16 
health,  105 

HHS.  104,  107.  108,  109,  111,  340-346, 
349, 355 

NASA.  104,  107,  108.  109,  111,  340-346, 

349-350,  355 
NSF,  104,  107, 108, 109.  340-346,  355 
overview,  100-101 

patterns  in  federal  lab  R&D  performance. 
110 

structure  of  obligations,  104-112,  340-357 
USDA.  104, 107,  111,  340-346,  349. 355 
Federal  Technology  Transfer  Act  (FTTA)  of 
1986, 120 

Federally  funded  research  and  development 
centers  (FFRDCs),  92,  93.  105-106. 
109,  111,  135.346-348.350 

Fellowships,  55. 56,  294-295,  299-300 

Females.  See  Women 

FFRDCs  (federally  funded  research  and 
development  centers),  92,  93,  105-106, 
109,  111.  135.  346-348.350 
Financial  resources  for  academic  R&D 
in  a  national  context,  134-135,  333-335 
congressional  earmarking.  139 
distribution  of  funds  across  institutions. 

136,  391-392 
equipment,  141-143,404-405 
expenditures 
by  character  of  work  and  performers, 

135.  333-335,  387 
by  field  and  funding  source,  137-138, 
396-399 
facilities.  141.402-403 
federal  funding  by  mode  of  support,  140, 
358 

federal  support,  138-140.400-402 

industrial  support  of  R&D  at  specific  msti- 
tutions.  136-137.  393-395 

instrumentation.  141-143,  404-405 

sources  of  funds,  135-136,  388-390 
Financial  support 

college  freshmen,  54 

foreign  students,  55-56 

higher  education,  54,  293 

S&E  graduate  students,  54-56,  294-300 
Foreign  students.  See  Students,  foreign 
France 

assessment  of  scientific  research.  20().  485 
infrnnedness  on  scientific  issues,  200,  477 
interest  in  scientific  issues,  199.  474 


France  (ContJ 

NS&E  first  degrees  awarded  in,  37.  38. 

251,253 
patents 

awarded  to  nonresident  inventors,  176, 

177.  455.  464-465 
genetic  engineering,  181, 182,  467 
optical  fibers.  183. 184.  468 
robot  technology,  179.  180.  466 
U.S.  patent  classes  most  emphasized, 

174.175,  460 
U.S.  patents  granted  to,  172.  455 
R&D 

as  a  percentage  of  GDP,  101,  375-376 
employment  by  affiliates  of  U.S.  compa- 
nies in,  69. 310 
expenditures,  100,  377-378 
facilities  located  in  the  U.S.,  127 
industrial,  169 

nondefense,  as  a  percentage  of  U.S. 
spending,  101,376 

performed  for  affiliates  of  U.S.  compa- 
nies in,  125 

performed  in  the  U.S.  by  affiliates  of 
companies  in,  126 

portion  of  industrial  R&D  financed  from 
foreign  sources,  126,  383 

ratio  of  R&D  scientists  and  engineers  to 
workers  in  the  general  labor  force,  84, 
328 

support,  106,  379 
scientific  term  and  concept  knowledge, 
208,  492 

social  sciences  first  degrees  awarded  in, 
37,  252 

IHTA  (Federal  Technology  Transfer  Act)  of 
1986,  120 


GDP  (gross  domestic  product),  89,  158,  329, 
437-439 

GDP  (gross  domestic  product)  implicit  price 

deflator,  89«,  329 
Gender  comparisons.  See  also  Women 
academic  R&D.  144^145, 146. 406. 410^1 1 
degrees 
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